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DElxn £D DESCRIPTION OF XHB INVENTION 



More 



sly spfefoabic 



miXUM. . u^vd m opo-atioM to record data onto a recosdjng i 
aid playback data r«eo3^^'d m a recordmg medjum at a Mgl 



to 
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uxorvi.\^ :r.!;djuj« such ^ amagiietk dssc. f.}l ass^ ct ^.$not.--opt c ajb. t-r daU n 
mo.'«Uted iiito code mstckingthe ism&mmim Itne or i^corduig -edusn) sor t,^ the 
IS transmission or tscordmg As a t«chmque of modisl^tson, btock eaco<ltng is k^to^^^ m 

> iUHts each oomprismg m x > bitb Bach the 
a data wor4 cosivmed rto ^ cod^ %vord 
coirptismg n x j bits )S confbsmd) mtli a propsa^ codmg ruk Fon « K tius cudc vvoa! j& ^ 
kugih code is tbe case of x having a piurahty of values each selected fxom the range 1 
20 *o imax, a Jtiajamam of i, the lesultmg code word is a variable fcngth coda Is general a code 
jesoltinj fom ;he block eiKodmg is expi«ssed as a vanabk 1e«g& code id, fc ; m, n ; r> 

1 ' H v.,i. Ct* a coa*.tr:i<ri xtagth and r is ?msx, a maximum consiraint length 
<^ i ^ i' ' ' - <sm ur^bv! t.* 0-^ v,i p v ^i.Kvecr tv^ o consecutive Is d is referred to as a 
-mt n !«'>c i> N.n > s J ' ^? morbu of 0& appeamg between 

^.o. K encoduig dcscahed aboxe onto a -ifwrmi rr.ediur. ^ach as ^i ort5c<i. ds3^ 
wagnctn^puc dis^t. for cxan^ole. or lo a compact disc (CD) a msmdisc ^MD), the van^le 
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length code «nd.ergoes an KRZI (Hon Ramm to 'Z^m Invsrted) njodulslion wherein each *i' o( 
ihe variable length code is anre?p,reted inversion whik a "0" is interpreted as jjori-iavej-sion 
The variable icngfb code cosnpiefing tb^^ VRZJ 5-«oduialioi) then recorded. The vsiiablc 
JeBgth c<.>de coniplcting tbc NRZI roothilation is referred u> ss a recording wave tr-am. In the 
5 case oi'a -i-astH^to-cptie d-so Oi>nu-~5::;;\v li^o .\.: :> i>( « >,pecincstuous prescribing a uo5 so 
U\«.s «.co5ar^ <.<- ■'^ V <Mrau5 0 > v s v <t!0!i i f tc-^c^O si 

a?e 'A^ithout undergoing the NRZI ffioduiai-voi 

Let jKJtatioTis Tn^in and InaA Jc: o'.;. Pi ■.:'<: rr*;;;r. anu n^axit-Vins triversio;^ 
pcrjods of a rccordirij.' ^^2^■e ira-ri a'SpecUveh- j: . , -i; Jo- u r \--'>- J "be r-jo;>rd;nL' 
10 rva''. c train at a high recordins: density in Uie lisicar ,->pv;cd dsrcc-iou. a long n-iinirnuni, inverdsotj 
period Im'm or a i^^rgc minimum run d is preferred. In additior., &om the clock genermion 
pomt of view, it is desirable to have a shott maximum inversion period Im&x or a small 
maximum nm k. in order lo satisfy these s-equiremente, a variety of modiiktiors techniques 
ha ve bees proposed 

1 5 To pist it concretely^, for m &p'&c^\ disc, a niagijetie disc or a magueto-optic 

disCi theses proposed o^r aettsslly wsed mssdijlstiou techniqaes for generaikg a Vi^able 
length code RLL (1 - 7) wluch is slso expressed as (1 ^ 7 ; m, n ; r) and a variable length code 
RLI (2 ^ 7) also expressed as (2, 7 m> t\ ; r) as well m s fixed length code RLL (1-7) also 
expressed as ( 1 , 7 ; rn, n ; I ) used in ISO specification MO. .'*^s ibr a disc apparatus 

20 cun-eutb- ardej zescaxch ;5iiG dc\ clopmotn snclx a? an optical disc snd a mag-neio-optic disc 

having a high recording Jonsif> . an RLL code (f?-5jn length i.inv.tcd Code) \v5th a mirJtnuiTi ran 
d of 1 is eomasotdy used. 

The ibUowing is m exansple of a cotn-ersion tahiv; of she variable iength RLL {\ 

7) eode> 
<»1e l> 
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IcjUixvn r tnd y C } ^ t \4l OO ^'i a next '5lhv,«u haj) d * 1^^ 

5 t ? 1 ! n t V 1 ) U " ^ 

inn I \ ij ^ 1 1 ) ^ 1 S 

■^hi S \ in hi. 1 s 

•vh t,7 I * p U 1 n t mix !3 ! ^ i ^ 

tl>us saual to 0.6? (^2 / 3> Tdsia; 

B% vta\ m s tram of uha nJ biS vOJ ipktiru tl c RLi t.^ " J moduk 

II thv Bin m »m jm «.rv» oii peno<i Tmm mo t ob c^s.d m bt oHo'ft K geue'-at on 

*kqi ca'-is.^s curre po«d to ptnod o^BT as d 41 U c faci ihsi d lot of « fomi?tion t 

ontvJc t % sntm I Mith 21 am^ j advant j<? i(m\ to the ^est-tdUai a cbCK 
sjgaal m macy cases, 

A.-> ths i Mi < d nsiu \ fai^ti \i>w&<ied er «he mim nu t mi 
21) c ' s 1 p I n 1h( 5 1 1 n ^'^Tv ^es^uated 

i\ I ti r •); u in 5 p n <. di n i n s { rs,jr T s 
I i j \ % {} fu i i ) ^ > U i 

factors sjuch as a dsfooi.^ a-J a rari<„'',>ritsai -jU c-.J'vi:tK«<., .s: u r.isjh unc d.,T!S!i>. rt\OK!uig oj 
consec«ttve iB-mimum tv^arks ciiso -.\;Ssl> aiTcctoJ isy d;?torbtinc-,-s; such as noiso Thus, 
2S; m\ operation xo play back iiie data w ii! als^j be prune lo >JiTors. hi ihs? case, a patiera of errors 
m reproduction of the data is observed as shifts of ihe from &n6 rsur edges of a miaimam mark 
in many cases. As a ixss«lt, the length of the generaied bit error nwreases. 

As described above, when data is transmitted through a trajjsmjssioji line o? 
recorded ovdo a recording medium, &e data is modolalsd into code matching the transmission 
30 ii«e or the recording medium prior to the traTJsmissioiJ or recorditsg. If the code resulting from 
the modul&iion contains a dit^sct current component a variety of mot Signals such as tracking 
errot?i generated tucotUrol oCa sewo of fte disc drive become prorie to variations or jitters are 
^< nor.r.vxi ;:.'^\>iy. for this axssou, st is Jitua desirable to make as mjuty efforts to prevent the 
s^iOJulatec oodc frot?i coniaiaiRg a direct carrent compoijent as possible. 
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conpo'^enl, control oi i D^"V ? ^'''^ ^ - P^"^ ^^^^ ^ vK v. t cm 

CO tcsjnms? « direct u.r<oj)mom (ha>bei.t fiOf^> IljeDS\ }s>toti{Kni d^^axi'nj, 

ofcodes, 

Dij\ i-orstio .snt.ixx'w oar )vuKt<i i.oo<. ^...o «. ii ^ 

ilte \ A db'c gill R*-L 0 "f) tab e s w\tJ av T^b.s; . e Abo\ e Dn\ n i i -tivi 

after the noUulattoi or a preocte ttined penod of tiins t*no msertJB^ a >. redetermined Xitr^ t>v,j 
St DSV coTitrol bits mto the itaass ol encoded bs$ (mo tma ot channel bits). 

A.t rak the DS\ conttol bit"* are ba&ic^ilv redundartt bus i* tl c cftjcsencs 
of tfce «ocie coftvmjon isto takeamto consideration, n i& tim& destrabk ?o teduce the 
msmbsr of DSV eostroi bits to a sraaUesi possible vatoe. 

In ^tOdstion, if DS\ conLol bits art? ns>e (,d, >i \h ai^o desuafoic to make the 
1 m -^tun -im d an^ the md-sLimum mii k anchangcd ''h^n because *i chmqs: xn {X k) u H 
have an effect recording / playback caaractmsties. 



mOBl EMS 1 0 BE $01 VFt^ .5 x i in lM v \ 

5 V, Hi i u-> f 1 n Srick ' (.odv <'(,t.0Ti.«'d a* st >l * i i^i stM £o 

25 thai a psttern of corssecuth'e mimmuin nms d will cause a loi-u* en'or to be genera-^id s;U5ily, 

,fe addition, in the csuse of RLL code such as the R1.L ( 1 - 7 s code, DSV controi 

ne<^ssitstes insertjon ofDSV control bits into m arbittary part of a string of code words (a 

L^aiii of cliasmel hits) . SitJce the DSV control bits are basically redundant bits, however, it is 

desirable to reduce the fiun^ber of inserted DSV control bits to a smallest possible value. In 
30 order 10 keep the mis^muin rtin m\6 the maximum nm at constant %'alues, however, the nunsbef 

of DSV control bits is at least 2. it is thus desirable to reduce tbe number of DSV control bits 

to an es'en smaller value, 

71)« present ioveotioti s£ldresse.s the problems describfto ;?b;T, c U is an ob-eci 

of \h<i preseni itjvenuorj 10 allow DSV cos^trol to be executed for producing hii-h eff-ciencv 



s 

comrol bits on RLh code of (d, k ; n) where the ijsintmom run d ~ L thai is RLL code of I i . 
7 ; 2, 3.) so Thai ibs number of consecutive minismtm sms is reducsd while ihe mimmutti run 
and tiie maxmsyjs nro axe bdng kept. 

It !S another object of &e present invcatios to prevent propagaiiotJ oCs 
S demodulation error from cscaJafmg by using a conversion tabie having s smipkst possible 
coniigiiraiioi), 

MEANS FOR SOLVING Tlffi PROBLEMS 

"Ah^r^ujfeiidconversJontabktnroTcesav.o-'vti^.aMruk .sv*<u^'.' . v t^S 

divj«{or otaTcountofianeltm^-m mavkla ^nngb^ 2 \njng<* vaLe ^' 0 . .-Ua . a 
be equal lo tfee iemamderofdivi^siortof a oouni of aj^ ekmvj * xh'-. strmn ot vcv., s^o'ii- 
resulting from cotsversion of said dais stnngbj 2 and cometsSJOn codo^ ofs^id con^vruox 

ba&ic ^x>des for d ~ U k - 2 and n « 3 'ft hens J li^ a mjnsmu^i rm mi k ?^ 

first s^iJStnuaoE codes for Im?ittr5.g the isauiber of cgasecutsve appearaisces of 
said mmtmuBi di aad 

20 secosd sab&titutiOB cedes for keeping sasd rm Imgth hmxt h 

A rrovVatJoT^ method according tu ds:m 25 ts ctescten/sd h\ indudis^g 3 
coaversturj step c x>r\ a ui-^u >x'i > \> .o<^t <> xcf^rda«cc v% ith a conversion tab o 
wberunsaidi^otne loi iiDi:;^ o-s-e i^-i'.M-^ ' ivrt-dmj? to \%h5ch the :ein 'm< ff O' 
division of a 'I' coarst or aneiemcnl i?i a daus iiru-.; b-^ :-a\;?u; a '^a^iKt rif 0 os I sbull ;xhv;iys 

25 be equal io the remainder of division of a 1 i count of itu sletnent in the siring ofcode wcsrds 
resiiiiing ironi conversion of saM data stritsg by 2 aad convsrsbn codes of said coavei^ion 
table comprise: 

basic codes for d ~ I, k » ?, m «= 2 n 3 where d h a tninimum xm aijd k is 
a r«a length lirtsit; 

30 first substitutiot^ codes for liiiiitittg the number of coitsecutive appearances of 

sajd minimum rtJii d; and 

second substiustion codes for keeping said nxa length limit k, 

A progratn pjcsetnirsg medium according to claim 24 for preseiiting a prograjTi 

jmplcmeniiixg processing inchiding a conversion step of convertmg itiput data-mto code in 



6 

sccordance wjtb s cojivetsion t?Me d&u a modulatiim apparatus for cojn'<;mns^ data \% nh a 
bask daia length of 5B biis into v ariable letigth code id> k ; m, n ; with a ba^jsc code Icnuth of 
n fens is chsr&ctmxed in to said axivmion Jafck- snfoTC<;s a couversjon rule, sccord^ng is> 
which rbe rOTiamder of dK i&iou of 2 T ceura of an eienicm in a data $rang bv havini: & 
S ^ aajs> <\ 0 . vh.il' aUs ; !o the remainder of division of aT rou'>' t^fatj eleineiii 

;n t^tf ptrus;^ of o>\^e ^\.mos rr^^; k-u; frotn cfsn'.crsHMj of said t.k?a ^mns- J in*.^ jvn"vOT'^"b~>r, 
codes of said converston t&btt conspnse: 

amnleagth Itmix: 

10 f.jst N.:hsi ■ o-.\^ ; i- /;\';v.-sg Ok- dunsl'sr of corsec.nnv :;;\-o<5iincvs of 

said minimum VMi and 

second sabststuuors codc& for keeping said siai length limit k, 
A demodulation apparatus accotdisg to cUim 2S is characterized h> ba\ m 
conversion means S>r coitvstting input code into data in accordance with a coriversio^ tab!s 

15 wfeors n said convefmon table enforces a conversion mk, according to which the remainder of 
division of a 1' cotist of an element m a data siring by 2 h&vin$ a value of 0 or I shall always 
fee equal to the remainder of division of a T const of an element m the string of code words 
resulting from convetsioe of said data string by 2 and oonversioi^ codes of said convcrsiora 
table compjise; 

20 basic codes tor d 1 , k - Z m 2 and n » 3 where d is a minimmti mn and k is 

a run lengrh limit ; 

tirsi suhsi:;' n coiles for limiuitg the number of consecutive appearaiKies of 
sajd m5»irs)im-i txm d; ar.d 

25 '\ demomdauon i-t^tiUjoti aocoultng to ci3J!« 2Ji 5^; char4Ctc"-/<;4 b\ is-ning a 

cor!\ oriio ■> stcff of c^m'e-tlng ^nptst code imo 6&tA in accordance ^s hh a c<.'rsvcry>on rabl^ 
wherein said conversion tab5e enforces a conversion ailc. according to which thv rsrjnauiser of 
division of al* const of an eloinest in a data string by 2 having a value of f> or 1 shall always 
be equal to ti^s reinainder of division of a '1 ' cotint of ait element in the siring of code wordi 

3() resulting from conversion of said data string by 2 and coiiver sion codes of said conversion 
tafek comprise; 

basic codes tor d ^- U k - 7. m ~ 2 and n - 3 where d a mtssmnm run and k is. 
amnlepgth liniit; 
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tuu{rnuv.k 'or iunu 'tK, I e -jam «<\ii v. ^j-'Kifnc '-oJ 
m& mnmum nxn m md 

NCiwCtH uD\U*U5on «,ods<> or Kt ? ^ tun unj ^ mn K 

^ sTfrogram pre entsj ^ mu\um ac^^ord < *«. !i h •* ''^ r!s:Sv.n t'^s? & -^ix^j^^ 3 

i i ! it U itt! !h( 

fs 3 U i.t» L h H ! i i 

^ U O iSic c f ^ f s f iu ^ 5 s ^ S 1 

compnse: 

bissK code lO^d IK. " i-?~2a,id i here di ^mmman ii 
a run length limit; 

IS p t ^iibstUsiftoTs t,odes, m iimmna the «UTnbvr oi viS^i ecwt ^ c ?ppcarance«> of 

md mtmmvmrm d; ssd 

second substuutsotj codss for ks^qjm" saj^l msi Imgm kmn k, 
^coTvhug V thN, modijk*joi apparatus^ ck a cd ( * tbe modulation 
mi-thod claimg'd -^s ciasm Z" the p ograxi prsssSRi-mi? mi.djuw3 cJ^smtd a*> ci-^t n "^4 the 
20 demoQuirsv ^^-pj ^ c itmea a«. cuj 1 2 the aomodulatio'i Uj * t H4.a.m2Ji 
i> \ ^ L J Hn( kin iTK'l \scHm-i29 03n<,'" us ^ \*^o<.' ■> i 

n ^ in i 

shall £S! wavs be aqmi to the remainder of division ofaT count of an elensent in iht string of 

conversion mm& composme: 

fir Si »sntu«o 1 todtv to 1 mitiag the t^n^bsr of on^tt. uii\ e a >psa am 
the mmmium nm d; aad 
JO vtvnd uteutiJiOneodvaforkeeprngUii. on length hmil 



Dfcl VI ^0 SC Rl? i K)\ OF TUT PRr ^FllREO IMbODiMtNl S 

ori. s'ast g "-leexpu «i on of ^ p>ckm^ emb aiment& 
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de»cnj>etl n tlw ci?Jm i' " smn^ ^J^i o«n wd.opt«^!.J tit the v.nib< Jims, t'- m M\o^\ mi 

cnpuon charge tHi^mt trctf^csi su^ each o ths -^e^ns 1% f^Lov^ed bs a ^nK \l 
UTpkm^nUiioxi trclONCd j p-i ?rlhe<;c>^ i \ iht *omi « ma^m^ v^^l^'^^^ ^^^^-^ ^'^ ^ * r'>- ^ 
5 fiscal jpLmc lalw)' 1' i<Jfteod*e!»sta'jav ;.<}\s.e\v {haJ 'h*, n'piu*WnpKj''e'm«iO-^ ts '^ot 
miendui to be con^mM m 4 himtmg seB&tf rhat is, a mtani> not aaco a, ih a'^-jite.i «o ^ 
typical in^piemsMattojs assocmed with the means, 

> r ■! ? s u s ■> n s Hi ■> 1 ? ! ■> 

^ )! . h 1 t! h ^ s < * \ r M ! X s ^ u 5N ji n f 
■isu ncrv,-!5 u uro % vH v. tuun o* d.3 c c u hi u t s > > "> sun 

the s rrg Oi code wi>jds re ultmg fron cos x crs o x of i>aid c mnv b*. "> ^-d vf^i■!^ vi n 
15 eodes: of sasd convsmos table cojispHse; 

ss irun hm&x hmt: 

tit$t sabstitutass coaes lor limitmg the uujnfeer of cc«s«s;Bt3ye appearmiees of 
said mimmaui mil a; attd 
20 sec&M substitmioa codes tor keepmg saso nm leugslt hmnk. 

At.v"onJjng to ciaim 10 t! e mcK^dst i appai^ttt claimed dmm hu-, .Tirth<. 

- r '^mM; J t.n s5 liK ^ Us u < n ' ionvasoncodi.&of aid 

Aaori ^i^i. ^ \ J 1 hi ^ dPT 

ornox b <. s^u -mmxA m^tnjjiL 1 1 shown m Fig I ) tot coulrollmg DSX'i. of mpai data 
ajt^ &uppSv g sa d vA o ;:o-«\or5ion mcan^i 
30 \cci?rdii\g to chim 22 ibe iroaiilation. 4>pda-atu& cUjns^a as c.stm 1 \% furher 

a fu&i Cv*ae detecting k sm% nmptetnerted tor c-xamplebv d minin&im run 
iOttvCCi t \ K appc? aftce Itm voot- detea^pg ^mt "^^ s-hov n ui Fig '?) f*-*r dciet tms? saT<* flT^^ 
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f Dt keepmg ntn le«sm I'tmu. 

confer jOI Mea f'^pLmottd iorox^mpl ■> 5 UvUi niulitkm <nn 1 sh-- salu-^i 

tlicionnndsi oi division Ola 'i coiuitis m i..miin\. .sHa^uni^bs 2hi%ihg< o 

of cude v^ords resuUmu from <,om said data s,tnng 2 a. d come Mij'^ >.Ov.s.n <? sasd 
ccaw^mos) table compnse: 

b«is,{t vodijfc Jot d I k- ~,m«:aftd« 3 %hefv*d isa muumunrunsiid k is 
i^ tm limgnhbtim; 

firj.Utib$tnuim code^ ii^ imm g She nian'^ey of co srcun^e appearapves ct 
md mmmmttm d: ma 

-i 6 u •>« m i'^' ko^ for {> ipiti > d u,* k ij-h hm\{ k 

^ !. K s er ^ i* )<■ ^ ^ ir u U f < ^ pi ^% i Uis\ 

(.00 Ci n "sr 0 m„ vr i 2 oh jiu Fi ')Mu ( ■'n m <- dv i i 1 hu a i 

pt^xmmxisd imsfvsik mto saio cods. 

order to isAe the e u aaatio i eas-^ to mdc <5Uitd in ih& iollow iny dc&cnpi oo n b*^ 
'i ai d T of daU pnor to com «siSiOa ihat is 8 pre-convmio'i ddta string js rcprc^vme. < ^ a 
traiJ^ ot »tts vn^-b&sd j . parentheses, {)lkQ tot cxas pie ((KX')0! I ) Oi tiw oil er haid a-- &m> 
ofh s*0 <»Ra'1 of< roGeres«iungfh>mthscoti\c'^oti.tlutis* a btnng oi post or^j vcj ion 
<5tang woms .s rcTsrssrattd a twr. of bUb detimited b% a pair oi «i\mbols ' ! ke tor example 
0 ! 1 > !i ' . fbl^<i and gnej »>eKw cx>Ji pis-*; of "i con ers-ion ub 1 1 iow^ a g 
ddu 'M^"^ i coc!.. io accordss)ce wuh toe present nivstitioa. 
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10 001 
01 010 

0011 010100 

ooto momm 

000! (mm 

mm\i 000 100 too 
mmm mmm 
000001 010 m tm 

066000 OlOiOQOOO 

lOU ' 001 000 000 ^tjeti OlOs 
OOOfHOOO IHJO 100 lOOiOO 
00000000 010 100 100 {00 

ifxxlta*Q=^ -000 

x< i iO 'SO \ 2 clun H H M 

: U iO ! 'iO 00^ oOO <jC."> f'Ol ctond bits) 
# 0: Not tmnmste case 

00 i)O0 

0000 010 too J 

« 1 101 li 001 000 000 (B«>: i 0 10) 

Whcr. next chmxx&i bits sie '0 1 0= cofivert 'il 01 U ' joso '001 000 WS after using the maiB 
table srid the renmtistion table , 



wo m^mi pcmwmmh 
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I vi, n 6. I 1 i t « t ! 

a J <. d -.J NiiU K ^ ^ i i nu i i ! ) ! 

■^i) \ n m > i U n ! s > I E > 

? csultm^ j con\G^ m a y arbitr&rv po&u ou i ht tsj m«vt»on ^odcs . ihe tas^tt m ih^ 
cod^-H i-v^ulUftg tmtr cons enston ot nc d -.tnnq<. (Ob) and ( OOOC) In addmon the 
cGm'^erssotJ table also prescnbes svnchromxatjon sigita|s< 

la lab)e 2 mmmum xmd\s>l 'fthexU^ %\ c maximum ru^ k n " O t ot t k 
etecn s ot the basjv cod<K> mJudc m mdcimmmis LCMt, thai j a co^te .miscatea b> sht 
a&im k ^vr> bol '* 1 rsv' bn represeiited b\ svmbo ** o*'thv. tiidetermmAle code sran I e 
u<,terun» > be ertb;. " V sr 'T, m order if Rap \ of me mmiimn t Tt c! ihe 
mixmnjni mn k without regard to an iujinediatcly pr-.x-cdisi-g: or sijcceeding stnng cf <::od<? 
words, lo put a -v. detail, if th«; ^-hu daui string be Cv>nvsneJ (11 K a cods- ri>sulting from 
the comersioit c^t^ be "<\<X'" or 01" r > J<.';>a J:ts> c cr lU- )m!fte.batciv prccec^na s-nrg of 
cod? \<.>jrds 'f o be nioo; specific, ;f th*; saijik u\-at-!Ci -ii o; sivm.- iuUv^b- procovbiu, v^nug 
of code woras- i? "V\ <he .>-b;i dxa strtnc (U ) i$ vN^raonovi inio ihs cod^ ■'OO"'" cxdsr to keep 
t})e mmiHiuro ruij d. If Sfe siBgle chatisd bitof lUe uj^iriediatdy preceding &iri«^ ofcods 
"A ords! U t'\ oti chs '^iher hand, (he 2-bii daia string (11)?$ converted mto ihe code " 1 01 in 
order io keep the maxjimum run k. 

The basic codes %ho-mx ixi th« conversion tsbk of labk 2 have a variable length 
stTticture, The member of basic codes with a coxistrsiat length i of 1 is 3, a value whidi is 
smaller iha« a required mtaUr of 4 (« 2 ^- m « 2 2) Titese 3 basic codes are "*0*", "OOr 
and '"Oi 0", As a result, in mi operation to convert a data string, Ihero i$ encountered a dsta 
string which can aot be converted %vitb only a constraint length i of 1 . For this reason, it is 
o^ro?^ar«' to refer io bssSiC codes, xvjih a coostrs-nt kngtli i of up to 3 the laoic 2 in an 
opcnU;oT5 conven all data sioiags. That is. basse oo<ies with d cons!:r,i!nt Icnrtr. i of up to 3 is 
iswioded in ihc T iMv ^ ;o ^ "fable 7. to serve as a suffidmi conversion tabic, 

■r; c,d'X.!o.., > . <. >.!s ^ 5! t ibis- of Table 2 a^so ir.cbidoi subsiitatjOTS codes fo- 
kroi coosccu^jv-e i^ipe«j^!'C^: oi oi. ;(:.\ r.^im "in J J s\.f<. v -5 k (1 101 ; I > tasd 3 
^^ni•g otcosie vs,otds tblio^vHig a code u-iUi-iiiV, irojn u^v vOpv er^r-on ^hv- d^-V-x string- 1? "-U^ . 
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i, J f ) I k bit "am 

Is ! ! ^* l! M 

* i \ 1 UH ^ - ! r 1 5« 0 !0 d 

W ) a J oS J ^ ! ! 

lin u hi t \ xmdn. tftb ^(.u i o c tm 5 s; 1i Jsnn •> 

^hiU-> 5 *h(„ <omofan€kme»imi!i<.di?t(;\&tn%isas« tU? 1 count o rJv,mvn 
'l>t.ss; ttSi: ofcodfe«on*5> ^<ils.o -ssinajid j lU 1 court oi »nv1'=>mentir the data s*rrt«, & 
odd oa ihe 0 ls« batiil ihs? I count of ^ c emem m the stnnjj oi ca4c vtor<J'<i abt* oud F*.) 
exaiupk ^ dau st mg oi (OCOfX 1 j h com srtsvi 'lio -a &trn^ of toae ord<: of 01 0 1 00 000 

thi<i ase tb» ie*»a* ^der oi s«!toii -^f tUi. ^ count of ar ejement m t e daU vtimg D\ ^ 1 
\\h5 i vui il^^sf cr^aumdej of ds\ sjonoHhe 1 cauo ot an eLment » ^ *^r3t s* a*- ot <^d< 
f lili t 5 m<, onoi th"a8tasnf^gb% 2 Thatjs 1 toan* o! ilti. d n 
. ^ . . . c s .V. I vCt j<.s A V. bo* •^d A«" J '^t vjr a & , o 
'n'OM-^ c'ii 0 ii«o >i W'.Honi . " P >. ;u js ■■ ^ 'U 

rc>5iia--dif ol ^n>^ 05U\ ix^'T o.a' >i ^ 1 ^ n n slu^i^r, - r' fH<„ s<! ■'.liKn <:ci.nHi 
-orf'.ims.t.. r u vi >? flK ^ no , . - <tnru' 'U.xic "v^or<is= rcji ^ .5$ 

o f code words sre botli wen> 

iji addmous tlitf ma5i.aii3iia coustramt ki gtli i m xh& conversion <. of Table 2 
n 4 Codes* 50 tl^e ubk v» uh a consiraint kagtfe s of 4 are the «ubstnution ootLw f 
jmplsme^fsg liisr -value 7 of the maximum nai k. Such a subststmjon code js reterrui to ^ a 
jjaaxiiDtsm rcrs asstinog code. That ts, a data smsg of {GOOOIOOO) \% convened into a stJing of 
code v^ojds of "UOO 100 100 100" whereas a data strmg of (OOOOOOiK)) ts converted 50io 2 
«tjm£: code v^otUs of "OK) 100 MiO 100" ft should be noted, tl^at m tm case, me vai«e ot' 
th<; "nirumuin urn d tss. kept at 1 as weU 

If {hi corvsri.K-«n tahSc of Faals 2 docs not mclude s.ub'^tjtut.oji code-j \vhich 
Haxtf a constrain* lonjth x of 4> tHs tsiaAttrun coi^str^jni lett^t'^ r fcr t^c uble js >, cau&mg code 
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v\iU 4 " \n\ ri'- ^ u :jt <. tr.xiu' Sn<,*. t ubl mwiudtbiit. s*t^ s i 
v)j3 *n I ct* o\ -vf -v^ <,n ^ mj oil !v ? <,iT^ ' 

In geneml tl^s greater dis sTrnxirnuf^s run k, more jtKOiweaiaii the 
IS \ i \ \ i i r n 

h HI itc<. ihfc m t. '^Ht m-it \%.4 

i.om cii I i 1 V- ! 

Thai N f! i <. n 
HiC nm rt5« n con it m i th o n h •$ i ^ i n 

cokt^ ttoa wnm u dotlaijdn \ ssn j il> i n th rms k * 

\.Hv5^ on o^n vOmtoi*8«.k Js.fttmati ta tn '^\*,hnm^ v j ot or Kh 1 
ilvi ^'V'^ bv, equL to me r$. aij au oi q "v ss oj olU e ^ coum ol an ek^<,rst t V^nrt„«* 

I* ui \ v) 10 1 ubH i<t w?ca* to al 0 nc I ik m i^-stitution codes i ) r i 
ecuti'ie ir>pi^^nt5(-t'^ of tn«, mmjmu'n rsj^ d in adai ion he faaj> t tods^ ihtr J axirot v> 
tO tu ' t k r {or -iim n a tabk aKo 3 M th s e ho\\ tfi t po ^ ble general 
t.oot tha H*s 1 rmmmur ru*^ a 1 ana v. maxjmuiu roa k ol 8 -fthv'ca t c n'lmDtr ot 
ui\<. f Si mm ) m^txn hmit*! ■* fivptxhrntt \ h dt t ot^ n*" 5m < of 

codiEsVk rd i^'' 1 Hi f n ^ is s mn i 

"1 J t i ! c5 ^ Hi i in 

uchatt.b1 *« in {ti'5poss'jkto|,«^ rj t Jh nti 5 lu. f ^lod 

upper hmt^a^ut ia jddttiOa tV r ^ >->dcr ot da'v m of the \ touiiOi-mel us 
<^ it.. I int. b\ 2 hav \ \ aluc oi 0 o haU v ay bt eoual to titt re )u? id-r <»t du ion o 
iht, \ coun of ati ea ent j i ?ht timu o" a?de %o x resaitirg front c j \ ere o« ot tht 

inuiivr I n\ e Jk tc^dt sv^ am co*i^ rai-t 'tni. ^ f th puvjc the 
f ropas?a* on c t n k o t cmou i*it on e t set vraUd i thv event o* hit hit t! at i 

e cr ..e >, alt J i t ^itJ lish -> ft i -s t u tomatd orhicisvard dmtio 

ij-om Hs sonsial oosttjon ov 1 kt. 
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iiivjf Tabk \uhl»b 2 i^o« tint tl ^tj \\ nam -"Oivn m ls«ab 
\ { n\ \ K & Lu^ js-t It ""shoiM ^ ^ n \ i 

poorer than Table I . However, resuka of siniukuon to be described later by refcmng lo Table 

S i\ I ^ I n i \ in 

^il si U i\ II i ! « ! i n i 

of conver'iio 1 04.iRd out s Ai.o oatce v^Jth -a ^omejN m ubk 1 1 '"'abh ^ c >r jsiot 

« c<; { mm J {-rn table p'-escrhms, lennmato (.odt, foj tcrmmaUjij; t-ode re u m» f ■> 
15 c m } f^n >t itbjtarx fo^vitioit \<tnTiinatrncodii<.ti eG^sbenevu'i'^e an 

pOMion J ti'^oacresidtjoqfi-omcoi'vt^n h bs f' tof 1 u.^f n of su, vt 

v.o-e \ :> v.1s m \ uun v K c>. ( in n u n i s <. k^^^n . -„ 

20 t 5t m i i \ lii mm n< ^ ^ i p^^ imjthc 

of^^^T^imH^auo^ ssgna. v^itha'nsramu.niiengtn & a .^~b i voi,c v%>'.a (tluv 1^*. asm' 
bmf givisii ss follows: 

25 'mnoDoooooor* 

rhx> &j mbo; n the * sad of the pattern of ti5c syucferom/atton sig u1 1:* t ji jRction bu vvbjoh 
can be *0' ct 1 lO be described 'ater The second cha. nt\ hit M\m mg thtf bn ' o" to 
kecp»rg die nnmmuj !im d The t^tird chan bit artd the <5absequs it Mb a^-e at valuer 
vihchtont)a9Tanii|a(.pattsr avode ■►at^ mjoJ pT^^^nbea m Table 2, t< gvea ..<ximuir 
30 vm k of S As. <5hown mnt abov c »)aitc'ri tb« i cha b! a'Ttd the kfct ch^i^yK'l b t 
5,a ax^x."^ ? coftsecutna <^ bits, &,bouy =5t i okvl * W i^^-t. i toougb the lasst thdjuet ba n 
h - ^><»tte ft ot the isv^!,1m>m/ rfti.-'O !>J^ ai js i " ' >> i stn^; the <,onv v ^loi u ble oi Tats.c 2 , 
tlie mi5i5muo-i run d can be kept. 



IS 

t t V .oj i j^ciuon Sabk dtd tlw ^UiJcbon bn v tn« bu patter: of the 

consmicied as follows; 

00 000 

5 0000 yio lusj 

1 hs xc msnany ub'- 5s jv.q. ^ Ok\ k 5 iv&j*. codes wnh ^ ccnst-a J 0 ij^ " r h p-'s^v ti„^s a 

resjusrm iiismber 4 (-"-" 2 n) ~ i " Z\, 

To piii it m Uetatu m ifee esse of 1 ^bk for the con^trajnt lengih i~ i. I'SCv 

16 tr^ Bumbtjr ot pairs each compns ag a data string and s *.ltin.g of code -ft 0 ds is 3, tK 

ts^TstJinatJoa tMs t!» reqiUicU. For tl e fX nstrsmt tength 1 = 2, ^ mce the ruir5b<,r of pairb *,ach 
com rts5Dg a data stnng anc a sma§ of code v»a?ds is also the lemiin' tion tabk reqia 
Fo- the cosistrami Istjgfe j - 3^ ths usaibe^ of pairs each cotj pnsmg a daia s^nng aj>d d shing 
of code svO^ls !<: i jochidmg a pmr having & .^lib^ututjon (xsde The rt,st is 4 pairs. &&th 

15 wcijd j-'g 3 bav f code Smce the reqci^ed number 4 is* tnel, the tSTmsuatjoa 5abk js 01 
seeded. For me consirasM length i ^ 4, smee the ^nugs of cods words are all substjtiitjon 
c^'dc^, n i% no\ ?H»eopsarv to take a temi^sattoa code mi« cotasidmtion Thus, th? tcmstnation 

s txnijK t>i t\ t'^^tbj- i ^h^rematermmatjotjcodekasedfo'-gdata 

s " iL t . f 5f» " " vfi.; o\. n t'^ k*rm7na*?f>'ri tshk i? jequired the consu in* k' i$th 1 ~ 

20; 2 o Oi i , torMH)!-, p x,.-.^ i i Pi'C'i di? l < tic u 'nus^ >^on 

iatv«? tvd''<:'Ni. ):;x ur^^^^t^^t>o) av^omerted no -inn. - oi s. ^ <\ ! s^d 
"'UCI f ' ! K'^pecri\ s\\ As a rrsaX m aJ^ opersuon w in>.er -s^.i,, t<>ni/^i on ssu u iS 
oojss.b'e u> <ix Old a sttiiattOT m ^i^hKh data preceding the paiteru of die «>yaclao 5 on s gsui 
can no longer be eonverted^ That is^ the coiiymaon %ysi&m. is capable of efemaMisg a 

25 situation m which 1% 1$ )o longer possible vq Ittt the cods immedtatgh oreced 1 g the 
syfichroKmstmn signal serve ss a temiination. 

The bn of the pattern «f the &y ichrom^attosfi ?ignal i& used to distiiigus^i a 
case ot usxrg tiie <,?«imation table from & case in ch the termination tabic ii, iiot tised To 
r'f^iv snociik, :lr*t chanjx' bit di the head ot the pattcrri of the .*v"schmnj2atiOt< 

30 -Si. s ai ' * io mo.(„atc Uiai a ienuu>ati\jji code is U5e^3 o set at '0' i } mdicate ihat no 

.-1 . ' V. n !. oic \$. u:s,ed By do . g ».o, it ss possible t;> cron^ctlj determine wnether 01 aot the 
Ton t ^ « -i ^ e ^ --Cf.* that i ?, hcthc- or rot the i«, nnnuiioa eode ss used, 

icrigij; is a I2 b-i ccvic v.oia Uhat is, 12 channel bits) , Since a patiem ihe ssnchrom^'ation 
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;-,3gn.^l \h:ii bre.ik:> siK vame " of the inaxjnRtro nm k hm pmvides s maximum nm k of S (91) 
3cccpi;Vi>k-, dny ^^^he^ svuckonizsuon ssgml paticm fom^mg a code wosxl of st Isaat 12 bus 
can hc^ corif-tnjc-ei'i. hi the esse of {bnnaiioii of a IS-Ui code word, for example, the follov^'ing 
2 syncisroraxxsUon ssgaals can bs made; 
,5 "#01 000 OOO OOi 010" 

"#0I 000 000001 001" 
In the case of fonmtion of s 21-bit code word, the foUowmg synchromzation signal can be 

mi 000000 001 000000001" 

10 The above 2 1 -bh syndironizatian sipal mclodes 2 consecutive f^itiean^s vvhich each provide s 
maximum xm k of B (9T), Sucb a syjjchronization sigsai can foe detecisd with s higiwr degree 
of reliability, Thea, in the case of formatios of s 24-hit code word th« following 
syBchrotii^dOB sigjml can fe« msd^i 

"m\ 001 000 000 001 ooo oooooi*' 

15 Th« above synchromssation signal, a pattern having the fotm of "3T - 91 ~ 97\ reduces ihc 
prob&bi) ity that a large mn (T) appears before mHor after ti^e tA'o consecutive patterns each 
providing ;i maxsBi^im run k of g (9'!) as well as ittcreaae^ the detection po%ver. It is possible to 
;Ki<;ct ^A;i3t de:cvuos> power that a synchronixatios siga&i should provide in ascordauce with 
system requiremenss> 

20 Table 3 is aRothsr typicfal conv-ersioa tabfe provided by the present inyentioTs. 

v'Tab'ie 3> 
r7PP.RML.52 
i ~ I Main Table; 

Data Code 
25 00 101 

01 100 

10 001 

11 (iOO 

30 i -..^ ijubsiiiution Table A (Lirtjits d to 1 ) 

0000 \ m 010 

0001 101 010 

lOOf! 00ft 0! ft 
lOOi 001 Olf! 
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,;="3 Sribst!i!i?iori Tsbie B fUmils k to S) 



1111.11 000 010 Clio 
111110 001 010 010 
5 OHllO 101 010 010 

011111 100 010 010 

Substimuot) TabKt C (Limits RMTR U? 6) 

OOOIOOOI 100 010 0! f) OlS 
10 ctmn-'O 10010001 100 000 010030 
chan--l 10010001 000 010 010 Om 

t 4 SisbsdMon TMaD (Limits k to 7) 
CMS 010 11 iOQfM) 000 001 010 010 
15 Chan 010 lllOOOlO 100 001 010 010 
Chan 010 HlOOOOl 001010010 010 

clitan 010 1 1 10001 1 101 010 010 010 

data; xl Ox 

20 cliv: xxO 100 G{)0 000 lOx (12 chaiind bits) 
data; Ox 

pl^.;:: xxO 1 00 00» OfH» H>0 oOO 000 1 Ox (24 < hmucx has) 



25 T^iMtloiK 

fdd #tabiis 'Or <jir 'IV nh&pti* 



■?i The «.orv4r^ o ^ trbk o 1 > ^as a ^ruciu't v,het<it \ iu the riisnimum run d 

~ I iht tux'--:^'}!}! uft k ~ ai d hi. CO ' a< H ^ i j , 4 ^ 2 m 2) basK codes arc 

t>&r<nK**<.-N uUKN nnnm^n'Muo "udtbc-wjmi.ri'-ajv lob . s ^ f M 



T ^ i. <.^)-'>i, a " pK;>culvs St > r (.i^Gc^tt^rhmmnt ti « 5 i o 

•isdesc Dcd above tecomcjNotj ^">to < I s sti n ^Jdt<; 

i )0f 100 U CO? wrtcs rto a string o cods, ■tto-dsoi "100 0' 0 010 010 vs n i ' '-'^ $ 
TO oM^0fH0C01Karimx\e0jad> precalngcod^'womi-tretcreaveJa dea- v'^xi.c.u »c 
ji^ijncJiateK prt^^to s g ^stmd bit ' 0" ». r ' 1 " If he smmtduifih p^tctd^ni, uluirt.vi ■» ' ^« 
01 tht, dittt mrg cornered mto a "^^timg oi code viotd^ oJ ' JO i uOO idO 10 1 1 v. 
im edsai.&K nrev ed g cba-inel b m*^ 1 on ti^*, oL vc hatjc the caa xu )g ca» vencd m'o & 
tunj c<Hk v^ord"^ o« OiM> I'iO iJiO mO" a icndt tbe stnng ot tvjde %ords j&>ultm£; 
15 *'oni t -0 d;j (.onve-MOfi a n«motr of consecutiv^.H rnsmsd minimum mnj* liinited it.^ a 
laaxtmmn of 6, 

In addu o« ms, wrvoi^joii taoic o* able entorces s com ersios tu\ 
in 1 ^ >)tcn the remsnde? o. ^% \mt% of the ' I couj^t of an eteuieut m a <. Ji. ■^i nu in 
n ^ . oH or ' ^t.^'UHa-v^beequalf^t* vWf^u'n^ii. c^'dnjs on < ^ <, ui 

1 5 i t ' in ot wfi <, c'' «,rxt tilhvCaU^t „ f.\< the 1 > > ? t m 
iXix, i,o cot'i Sid ai 0 •'^ en an*.' itthe"i" vOiJJtrt 4i)£k >,« u; ; > ? 
oad N.^n ihe v> * h<rd tt V \ caxiit o*" as element m tb, sta Jg of uUC aom j aist. <.vk K 
cxaji-pk adata t'^ngofdOOOl j»con\s,rl$d Bio<isimjgofci de^ordvof OOu M« ih3>> 

25 c.^^, tJje rs-maiade of dmsson of tbe * coimt of ar ele nem u» tlx data stnng by 2 r 1 u n.}d. 
ss e<iU3l to the TX^Ttia ^^der of d vimo. ot tbc "1" count uf ar ekiue m Uhe vtn g ot code word 
-cu *i g feon CO ^ ers on *. f itie oata &tnrsg b> 2 1 hat j tK " i a?mit of f^e oata <5tnng and 
tht r^LO <.cjdcwod ar^ both odd A anofer^-xampk, adaa&tn igoi flUill j is 
i.0T5 c-^cd into g of coOe u<3rd$ o' < >( ^ (>10 C IC 1^ tm<i tht jct? amder of dsvs-^son 

30 o^tu 1 i.ouTtu*as elrmcn* '-^ tlie oau stnng b'. "'jsOv.hKhiSv.qaaiiutnercma'ndetot 
dis i&iott ot t^t, \ o tn of a£5 v,'stt>cnt m the stuag oi code v^otd^ re uUmE; from convcsson 
^f t* e Ja a stn tf> 2 ot t ihi; 1 " counts «t tHw dat. st. *ng and the sm g Oi cods ord^ 
are bots:> even. 
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>tih \ \ N > s . l-* i s <=; n ! X i 

n 1 ^ i. ^.i^ r,. V Miu !0 1 ^! i 

S 3n h U > Sinn * i \ \ 

■jUr i^ul > i i 1 K m id\ji<.Ko sm ^oi Jv, \ ^ s v! 

cods -ftords js "OiO" the a* td s*r* ■'g is cotsvened mto a "smng of 1. 1 ^^oidso^ ' liHM i)l 

10 mm. 

"be *.om ersioii uble o* I aMe ^ g ven abo\ e i.^^ not bv, biuU &«tt> cod'- ^ 
mi\ J . 0 <ii,i to 5 ptenc^n* Rl \ eacad Rl 1 code ^%ifh a j as uteci mmunu ^ >r « < na a« 
(isvtj sd naxjs ru i K c< n 'ic modk ced bs i vmg ba&K iodt n the i mi \ UHsr as n ti' a. 
mM"*^ t oTi uode'j m 1 able \ for a con-Jirasnt kngfc j o 2 and Tablo B for a t csn-stra.i.i ksx&\ ' 
15 of ^ li thi*. case ths TSXiinum cor^'ras t Vftfi: I r i& "5 atid it s po mMc io mierae cQ^e ih&i 
has a mmsirum an d of ^ and a maxmjnf v n \ o\ S in ^dd mn the remasnder of diviiion, f^* 
count a*^ efem,.^ t »n a d-s a str ^ n hn ^ ^alue oi 0 or 1 shall aHa-vs be !:,q u\ 
n i. M ^nif^ * ' t. mt ot as eleises t m the strag { ctsvicv^ordsresdtmg 
m»a couvsrsmn oi ihe data stn.nu bv 
20 ^ pr r s u ^ i u is u !U p >c n 

O**!'^ i-jt, ilsHuj ih Lt. f5( ^.S a 0} Ks, i-U \ ^i) I ^ ^f. ■>! 

aid no o '■^i majn ubk ar>t. la^^ e<: ^ a-^d B th«rt..\u u<.o ns-s ^ in < 1 
pv» He to gtue ate cc'uc {hat ha& <i ms jmum rtui d of i 4 maxsuann a) st i^d 
liunsbe; o"coiJ^i,cut{ve^pffaram.e ofmmimu imtisd 1 dddmon *hc rmajnd,;r Oi uv^jon 
2S t. i the "I " count ot an demeni m a data «Jtnng b> 2 * a\ m » a -value ot^ot ^ shsU alu av^ oc 
v'qual *o Uie re* im-'^der of di\ \m i of the 'T c M of an detnetit ii t^^c sm ig of code v, ord* 
TtfsuhJ ig * in \ com ers on of th« data strsi g bv 2 it siionk be «eted, *hat i thss t le no* 
a!^<.\ Kt.i'fe *o {ef«r to the mimed at«K precsk^t »»tniig of codt wojdb as is. fie <.asc ol 
u rs^l^bh Coi L-bL" 

W Itlabk Dpusathj'igjsii stnut cn vOvie*! tora atin > ^ » runKoi " 5S 

mcl i u A u<. tion oi lablc u < ddnso!. to thv tnatTS ul is and labia* A aj d B and 
l^b-isrs s >Mit»Uiu*^\sfothr$«tmgconsecut5%tappt.atant,«5>oftheimmmtjr^ 
J ^ ih>, (Lsi\\( s* 0),* }{ 4<rh spo «^3">ku>E: tvcodettiathasa 
i^i'innam niu <u Ox , * nu'xnnv«^j "ta k of " a ^ 5ed nuxuba ofcousccutivs appearances 
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i\ s ) * \ os 0 or 1 ^haU V u^atS to t>»v '^n vnd ' v t dn i» otj Ci 
it t jJ^menMr the tnn^c coJs^v^trJ^ t<:us%m>n con^^j'sjo-^ otth d t 

) ^ JO v> > far i ui I I * u ( D Ntnot *. I t U ) 

^ H ait s friiT'tonvcf on s^ulh ton tj~i u •> s 
auoi-om- *o V vOi \^rAO > c I ahL ^, x.o^ caiJ itni lu^^ i ^ it so 
L 

H> to orUe tt? > akc * 5,eft <?n ^ t a pattern of a svmhrotu/ a^xOj s jqsu n 

etYc (,rti coae < & po<5s dc, tht patter^ i& ueten 3«ed u foli 1 te 3 b t cout xso^-d 

jsTsI ^d tni. ^ b t code wmd mi ^es «j*cK "Succeeding ti.t uu que pa tetr asw- code >^oa'^ 
J s xlpn^ iror <?nx cnson accordmg to 1 abie 3 rhe 3 b t$ of the code oTds immsii Sd\ 
15 rut.<,du% n -mediately succeedTOj,lht^mquepaUe'neacl) toe A fomsAt«i>^bi.hd<t'A 
bits Ma imctiOB btts are mixe4 as folbwsv 

0 ! >. 1 u t «. u ! \ o ^ n fv 1 ~ J^ i'^ t.d Thei5 t 
-i K f \\{ th lot r fs u \ \ 

211: tb o ► ihi i n \ u ai us n m ^ ~ i 

K U5 1 5sK0isal>. ^toi odv d^d{<!^(«.v' bH \ V s.c<o 1 ^c^. Mih « e 

1 m u V vRtt. m hm t ■> b t ) ot tHe data %\ofvl t\1"i afv osi vered mto t? bjt» (1 M^'^ oi 
acoaewom "xxu*. 

Ti^ca tb%. 3 bits of tb§ s^tnediateh stjcoeedi ig asdt worc^ are aeiem^i 
2? *bKov(. & B\ tiw s* mv token, ^i* i b t uitn < la data ^ord pnof o cutx j s ( o ^ -^r 2 

t\a^i . ed J ^'^ is cas?. ho^vever t*ie first btt of the 2 bit u i.s at i c b< ^ u r prius 

coti c-vio'^ has a -value of '0' ior md cattn^, a ^roohromza joa i^nal vth le the second bjt 3 
mtor-^aiorbit Thv,2hiti3 ^"U Icheadofthcdstawrdi to I'verttd 1 toacode^^r-r^l 
^ i ) a *M m av-corvknct v\ 1 1\ TJ>k " To t?v » <. one etf b the b ts j 2 bm^ sf the data 
30 \\ iJ f \5 .jivonsu td HOTiHt s)o^io<,av toa "lOx 

V\ len a wjqut pa'tem of the ^ ; s sss- i<> stt s& a pattern breaking 
* t N ^"c »Vtia\imu'- nnk aj>>nvnw^ vs. partem that can K nplcmsmess 

,tsi \\-> -> V ^uiuiuacN ncur \»\«'tJei^c<!ae v.ordo*aUean 12bjt (12 

chaanei bus \ givm as fosiows; 
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"«x0100 000000iOx" 

•i.s.'here the '.'alue of "n" dependent on the conversion tabic. The above ] S-h\l code svord 
ipciyde- 3 "x" buy, 2 ";<" ;v;-;s are at the head of the cotkword <Ahik' 1 ">." bl\ M iKt^ (ail 
thcreoi" The 3 "x" bits fx^>->re?en5 the 3-hitunit of a daU; vvord prios \o cosvvcrSiOn D-ie 

piiticnj ortrte sv-ncbronsxauoH sig^isl Ths third chaiiJK-;! b;s. oi Uic code \<.-orii sei at "O" isj 
ofd«s' to keep the tnmixBum xmi d. As for the rest stattmg %vith the fourths ciiajnsel bit, 9T is sei 
as a s>'tichronkation sigtial pattern to provide a xnaxjniiin-j run k of S. To pus u in d^tyil, S "D"s 
ar« sOTstgeci consecutively betxve«n "1" md "1", 

10 As described sbove, the latique pattern of a syuchromsation stgrial %vitli a 

miairsmm length is a \ 2-bit eode word (tlist is, 12 cfeantiol bits). Since a pattern of the 
synchro{B?,atsoTJ signal that breaks the value 7 of ti\e tjmimvstrs mn k hm provides a rs^aximuttt 
raii k 8 {9T) is acceptable, atiy other s^itcbimiizatimt signal, pattern forming a unique 
pattern code word of st lesst 12 Mts cm bo constructed. Its the cm© of tonnation of a 1 5-bit 

15 umqm paiteni code word, for example, tl^e following synshromxation signal cm b&mmm 
"MOlOOOODOOOlOOlOx^ 

in the case of forriiation of a 2Kbit code word, the followifig sj-achroniKatjon 
signal C8S3 be made: 

"Xxxo i 00 000 000 100 000 000 10X" 
20 The above 21 -bii iyr.ciuonizfstiijn s^g-n<-J c o:r>rri?;o? ror^Kecu-; sve paUcrn*; which C3ch provide 
a ma-xirau-t: riiji k of S (9T) . According to a synchronization signal^ the detection power can 
be increased. It is posijible to select what detection power that a sj'«cbrom;£atioti signal should 
provide in accordance witli system reqitirements. 

Much like the conventional method* after a siting i& convened by using a 
25 conversion table like the one sl\ovm as Table 2 or 3, DSV^ controi can be executed by adding 
DSV control bits at predelemiined istervais to a trai« of cbatinel bits resulting &om tlie 
conversion. By making use of the relation between tlie data stritig and the siring of code 
%vords resnhit^g ttom conversion based o« Table 2 mi6 X however, the DSV control can be 
executed with 33^ even higher degree of efftcisncy, 
30 To p«t it in detail, the conversiort rule is followed so ?.hat the remainder of 

divi?ioii ot lb;:- 1 " ^-ount of sio etoent in a data string by 2 having s vahtc of 0 or 1 shall 

t)« £-qoul io iJ-i,- rcrnsif^der of division of the "1" coast of ars clement sn the atrine of 
Cf'-k. v,oTd? rc^Uiling from <oover/.o;-. oi'LK ,=,;r,;^ H Z Thus n-.s^ns'-^r -v D<\ oi^ntrol 
bits havn^ga \ aiuc of "1" to tndicatc inversion and a ^dus^of \J'" i-> v.-i6vs.io n> ■vm'vcrsion 



wo mmm nrfmmmn^ 
n 

into a train of channel bits h eqaivalem to issemon of DS V corstro! bits haviug a value of " 1 " 
to indicate inversion ml a valus of "0" to indicate non^-inversioa inio a tnusi of data bits. 

Coft*;idsr, f«' exart^ple a ca«je in n-hich b^^<? (0*^1 ) o^dat^ rre cojive; i«d in 

5 11 ' s i is t J nv\v.itJt ^ \ t the ] -bit 

vu 0 ^ J L t; ail e I OS i ^ t ^ ' - . >a n b^ rol b-i iS 

convertsd m sccordance with Table 2 as fcsljows; 

Dats. Stfbg GMg Wetd String 

0010 010 OGO 



For X' ^ 1, 6n tbe otte tod, tlse dai^ including the DS¥ coi?tfo| Mt is eoiwejlsd iii accorte* 
vfitb 7&hk 2 as foBows; 

Data String Code WoM String 
0811 010100 



a-^pKinv, c *■ bfu lU ( J NK I ui ; s g ^o<.>. so-d-, "v.^ ^ 

20 ^vcm I > uu In t ^1 ^ Is u 1 codis stntig are obtam&d 

0010 010000 Oil 11 1 

0011 010 100 on 001! 



2S \«5 s^ow a sn the &ho% « tJbk tit« last 3 bus oi ilu fsr'^t UKOtkv. ci ^ tun r \ -^r* d His pt 
tl e ia&t ^ bm oi the setosd enteded code smng \ht, stsulis st, jiri I H ^^^.s!. 1 } 
w (C) a<5 a s alue of DS\ corirol b t, DSV s^ontro cm be v.xeciiitd n ithin a data ^tnnt> 
\ext co'^MOsrredusd^cv introduced bs heBS\ <.<jritfol Execuao«i of the 
r^*5\ t { i>s <rscrticn c \ v-o-ntroi ki mto a dat<' ^mng ct rrc^^pon Js to cjn^outsnn of 

30 th 1W > irai M ms-r»kT i>^\ v-v>t'*»oI btt& mto a tram o* Cii^rutel b\h wbcre the 

sJut i ~^ 'V dierguproiwf o ' o ^ ri^ t\ « 2 o*" 1 ab tss 2 ana 3 lucrdsrto 
.,xtv«<;ri3\ ccnwi or an an n )tsbi id<* « ^ih^j'ftn j? laHi. 1 i isnnf^N^-^ ^ 
ip??h >-eiOt>*'ol II! atr.t^v^fvhi I 5 i '-os^ ♦eat^UiajJt lis s J n i 
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Lontro ip?> i^ti 10 4 cau *?' g for ri*>le\ - ail h o^'tr'.oAs, t .«,pi^ k.jr^% 

in n? N -> !o hUs 

O n 0 n rtif v,o u > i 5 s J i si ? s p 

tj o (<,au5n « lltor ^ ^ r sal Hn^H s -^c t ) n 
to a. NRZi vt)vDdmg an I i ^ ki ton i 5^ iliv on du OvL! i u * 11 ^to \ u o \\ ^ 
\» trs) a sdujJioB 1h& \ lydda^ app8i^ta& al&o has a timm^ tontmi ui^iiW lo* 
geasra i g UmiTtg x^id}- ma \ixpph x g tlic &igj als to g -va *ctv at commxiK.-nx& 

i-ij. 2 Si 4n explojuion- diagjaii us?d toi d.e cnbmg pwvi;&&}ng v,anicU o tb 
the DS\ control bit ti,rtsitiii n<;eit5ng un M * A^s ^ho\\Ti in 5^e figure -value of D*n\ 
15 trol *>i & m dviemsmcu <. x d DS\ control bm are ms&itea rato a data i ng at asn < rbi«r< 
imervals In ord^* i$* u «r* a DS\ control Ht, mto a lo(,ation &ct¥*.t.s.n p ec«<? ot da«a D ^1 \l 
;i» 1 > \2 ot an meomi«g data sstnng, I o*- example the 0S\ (^on^'O bst detetismtnsi 
n fiU i i cotnj^ute a cun ulat \ e 1>S\ tor dat^ up to D \T ^1 lie total 0$V i 
^ J i >\ v>ec *i '^K ! t o^ 
20 t. n t.£ in ' )t ) 5 h 1 > 

5 f \ ^ ! o ^ . t ja of h s, 

i n M \{,. 0) ^li"^ '^^^^^ 1 to ar L {im>\ 
ic t-iv c tn i-s^ o K sk^i <.u. .nc 

iddm tl e \ aloes a si^ed to the tevUs* of the n,^t >i Oi tj^e NR/I 

B-s 'he sm& tokei tl e DS\ co'^trol ' it de^cnr.j 1 1 s * 1 
^orpute-i^otdOSViO- ejme? DAT^ foilo^v gDAlAi ] a be <i Db"^ coatro! H t w 
ht r»v''ted tmo a tovit on bel\%eea p ec« ot data DAI Al a«d O \2 Dh\ control »>tl 
d«e -'IT ''■'g n^s-c^mg iitsi 1 ' dx-temnne& tl^e % alue of ^* e 0S\ contJx>' hi j^U that thi- 
3§ d tso utv \ e ot t-^e 5»JiiT\ o* he DS\ oi DAT \i \] inc A2 appn ac .ss ^ero 

rthv.v3Ss\ contuVbttvh «tat(n utkvcl ode ol ^egmv-nt 
ioHov^ gD^T^' « < ifncn^d i JkDnX xo I (0) 0 tl aht'bod * 

5 I tlK ctv MO' t^W«Ho xabe i ..nu > t t,rwsno<. Jj iu i.u v 
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of m i.}€i sal m Ji dai^ st- 2 m\ ujg a vaiu? 0 1 4isll w a\ - be v^^v*. ' to the 
r-numtki c* c? % t jc- th^, = i,v)>.fit o{ ^15 cl c^s the s' n\ .^5 tOxitr wo l' c'-s ^ ^t. r 

5 data SI ugjnv^hkhu^ ^ v' i^. i-^ 

an a p edctsrm'ntjd data » .tcn^^l ba^u^cr \' \- to .npk v*j ' DSv co-Jroiu ujt, Niti«« 
vvas In ibis cs&e, *i>e cui mbto e DSV s i^t sum of th(, cu. r latjv v' DSN m dau an to 
10 D A'^A 1 the DS% vdlue for V as^d ths? DS% data for s,%mutt DAI ^.2 

Ah iki>£tibm abo\ e, DS\ <ortrol Su<5 are lascrted s to a data stnnj; m ad^oiktv 
t)K fore the data s'jirg is j wUwla^ed b\ the tnodislauor mit 1 2 to generate a tram of chatnt . 
mis. 

F g ? lib- a bkx;k diagram showmg a tvjjical confsgurano-Tt of the i oMUion \mt 
15 :2 As. %mv^ \ m the figy^o, a shiU legBier 3 i shifts data tnred th^tcm b\ 2 b ts at ooe t ms, 
STjppIy^rg Its output to a cossirami Isa^i's judgtii^ un "^a, ? mmimum ruu coi sosrutjve 
appsaraace limttrng ^ ode de«si,tin.- u-^ 33, ^ ni.-^ 'onrt* hmi ai&.urMce codv. detecting wru "^4 
andalKonverso' uMt i i 'ngi<5^c'^"?Uupphe ^ many bits as reqwrd 

JO'' i>rx«&«»n'g *o V i.'-U ^ iC " ^) tri 
20 ii ^on-^ti HI k ih u ^ " ! r-- ' 'h 4,a5 iia.at ic'-'Slh J o <.gU 

1i t5n^<.o£ie .^<.V< ^n^, u it "'^ >"ivnscf s pmaidaUwoi^ " C(. o *a*k) v.fK v sCi. ,Lv<? 
appssraivCi* <M m ^ anini d, tne mitiiTiiiiiii run cojife^ cutis c < ~>r>^drim<,< ^ ^ ^ o K 
detecting isait 33 sisppl a dctecJton signal tx ueof o - 3) sndjc itm. o ^ v. i U i *o 
3S thecoii'?iraintki3(fthjiidgtag«mt32 the ca&e of Table 2 tne special doiia^^o a jsUl^a )) 
Bv the sariie token, whea the run 5«ngth littat as»%t.raiice u?de deteetjig mxi 34 detects a spef'ial 
6< ii< word recuimg assuiatsce o* the ma.x;5intim rm k the hej length hm:t a&5uraa*;c code 
detcc* utxii 34 &appl'es» a detection s g al them f 0 - 4j « ajcati g the coasirau t lei gih t to 
t V ^onsifim icngth v^dj. timt 32 in the case of T<^k 2, the special data %ordi- 

\W« a st>vcta. Md wo -d s detected b\ tise mm rtjatit mi con ecutive 
p - Kt i iitnnns cod. da!.>.i a^' tmi th^ ni« ^-sngts^ irnjt ^ss »fai)c^ cod - dv' vhn^ 

i.aj v^^) a n Jt '^.e\ei At Uut . a., i iCiSih }^ti< snj n-.' tsj 



1 nn ^ cue 0 ^ >. ? s \ f I 

mmimnt i&mtn ss selected. 

ba « ( oh n >| t d th <. o is i lo i s c<^ns i Oj is <. 1 i ; 
ba sc coat, s It ui d v5taio£-.d u t da^a is con^tri;-*. •<{ i v. ci.'d<> \>vor^ tprsv ntvCx U u - >as 
( ode rsa ihe vodsi om re'? ifti from ti^e ct^rvtrijo- 1 supplied to th^ multiplex It tiv 
baste L.tKJe or it data ao cat&togeJjrthv<.onver»»onubk or ihe other ijatid the 
coKvemoji timts 35-1 to 33-4 discard tte data. 

Ii 00 d be oted thst, ?nce the modtiUuo j ftpparstus \2 1<. aeiisr^td fo 'I «. 
ron\ e*- lor table T&hl-t s-ach of the con\ on ^ d * s^.ea to ork 
V n '>^d ti \ 'hi. vonbtmmt lenatii i up t<5 4 That j , c eh of ths. c,oa\u sa «n't«. ^•^ 
^ u i i^ fo V r\ o- von\ tr*. i xi of d«Jta up to a t> <sX5 urn «. onstra j t length i oi 4 

I hi. ^uh p t\v' > svlv I ( X { trom ccwv v m ^ ^ ' r t at b\ one 

oi K SUN or^ its 5 t,on^.spo! s \ 1 1 1 i.cn'^Ti'^J s^nt, h » &ipp K<i b\ f x i.o'^>*tr mi 
fengihiudgts^iti \">"-.^ve t 5) I i > o ^butKr""a'-<;cn<ia-ii 

" cooa ton !iii! i in i^ i td ir V 'iVin.^' ■'J 2at on ^ itb 

timiiis? MC^a's? x'^n b ^s-t «^ 5 u 

\ \ jH it on oi ihv f \ odnnva d •>(. 

i th shiiv-tgiw^l sapphesA mam *^uso i \ \n 
U'-iXt*- uti. ^uvn tor^ t nor M a jadgmej i <r 2<-feji t m to Ifee con ixami ki ^ih sisd^^t i^'^it 
U ha xmrnxma m comfxmn e appearance 1 1 \ tmg code dctec*jjjg tmtt ^3 the run lent^th 
hm\i I. ■urajicfi' vode detectitis nn i ^4 ^d th^ cos x mton miU 1*? 1 to M>~4 

Pro\'i£Se4 witb an embedded cotJV«t«ios t&hh hks the one of labls 2, ih& 
conNtrain* iengtl juagtng im t ^2 acemnne^ the value 1 1 th^ <M\ t length \ b, refeing to 
the t-omtr ton tab.e I'^d m. ^plte-? 'he ^ a1u<; lo the multiplexer ^6 

^ h 0^5 b r > j-i th sti>siit«ttc>nvtx^ v> hnirui^ tK rc^s c >^&^<tacetof 

;m i ' 'ttbe to1bv,irgu de%Oidjs,"OlO isembcddec. In 

■ he case . i^.c J.i! - * i 01 U > , -when the data rc<3uinns limitauon of 

consccu ipoc.Ki.il. v.. X. I . i . n d is detected as a result of reference kuhjs pan 

of the c- >n\ ^ r.~ioii tabk\ tl5<; nunsxtnm mt) conseo^it?-^ e vopv-ara^cc \imUn$ code deiectmg unit 



M 

oi {iitf to nets or ^ ^ t n k 'h 5 ut <« ntx >. ioJs s.c'ettm^, ' oir « 5 
32. 

10 When rti-tjujy ^ S^'^l j t-atng that the coi strauu fc*'^ h i ~ " s 

*i ;.3j^i, of Ubk 2 from the ram«ni«r* tu^^ COJ secUt\c appearauc; Imntmg; t.Ov>sr iutvtjno ^ ^ 
v\ ths i,on«-amt lejiqi^ iu4gi% m it "^2 pa<? e on \h& \al8«, i ~ "* to tl e muhjplcsver cs-v^n i 
At th^t time thv. coustraitu k tgtli jijiigj % 13« t ^2 d(?*enmne& the \ Jue oi tht u>n tram* 'ers? i 
U'.t I m tc«d ot nsup^YiSg the 4e ennaned b\ rtseJio the 'rulUpicx^r B\ trc 

1:5 vjmv. okex U v-*. j <. inc i ac^-^c i«n ig's* mdicatmi; th« the t^OJ^^ts mi limgth i-~4m 

i.1 j..t ■< }\ <. jjjrs^. s^si . \ i) e f ~ 1^ o V tn^ *ip v "^o on tt 8t that time tlie 

com-tr;situ lersuth .iudgaig lUjiJ dot.,:r;r;;U';- 1;-- vai'jc ihc cuTUi^nsni ?agt!t i bv itseK 
msiead of sapplying the vatoe detextii-ned by uselt to the multiplexer 36. 

20 This nicisris ;h;i5, the coBStniint Icuph .iaclging inm Z2 pass < n "-^^ \aius of the 

constranr. li-ngth ) ri^^a.^c^ tsosn the im \i\mm-i nj-, coj~>^cu?- v ^ ,snoeaui'.*,< t ' J (.O'L 
detsctisg mil 'Xi or the ran lengCh limit asstsrance code dt-^eetbig urd; 3- o t. c - uh'|M^Xv- ^^ 
mstearf of supplying the valuo aetermmed by itself if the value of ths ctnUrasn; hr$txi ' 
detam^ined by the laiirimtjm ruti consecutive ^pearauce Hmhittg code detectmg mii 33 or the 

25 run ieatgth Umit gssuraace cods detecting tinit 34 is fowtd differettt trout the value determined 
by itsdf . In ot^isr words, lite greater cotistrsmt length is selected to be transmitted to the 
tnaltipie3s«F 36. 

Pig. 4 is a dlsgmtTi exsinplifymg processisig carried out by the cotjstrajnt length 
jiidglsig urrst 32, the minimuiT! run consecutive appearaj« Msmiting: code deiectiTiv; unit ?r> snd 
30 ihe run ieagth limit assaraace code dsiectiiig unit 34 by showing ur. exas-npio hi c\>ncieif 
tsttsts- 

As, descnbed abuve, in Ujc run kriUh hrti-t ,:if;su!atKe code dstscsii-sg i^nst 3-5. ih: 
daia wojxi.^. (00001 iXK)) sr:-! iO''!'!.,)--; k'-i-; of TabL^ ; r;o c;v,i-,.,;jO:e<; paa of a fwctioti thereof 
to determins the vahic of the cotistraint length i, Wisen is- bit datjj, nuteiiing the data word 



{00(X)1000) or (OOCiDOOOO) is supplied to th< run lencnh Suuil assuras^ce coJc d.-J :chs<o; nn^ 
the run ksigth limn assurance code detecUnc un;; /4 yutputsj a deiecti<",^u ix^j.!uU ;nJ( xisub- f:\U 
the constraim length i = 4 to Mm n^- \^r, k-,i.., ^ -/ '-r. 

hi rbo t5-i???irnarr njr - -\- - .r^r- ^ i - - - ■I'^L-.^nn^^ unr. ^ ■>. on 

33 aj-d ihr; 3-bif. vo.k- rssukn];,- frv..: .x^-uxorMon tO(!Ov>. ih^ ad.-. ^vo;c ^ 
mir-cmuv-: sun s-viu£--xuuvc appc-irajitx' luns^ing code deu'ctsn;^ utni 33 <.-utpv:ti^. ,\ uviccli^-M 

10 signal indicating that the consiraim length ,s ~ 3 to tb<; coBsirasTit lengU} jviUgmi mn 32, 1? 
should be noted that tbe 3--bit code word "010" is a tmilt of conversion of a data siring bjvvmg 
a vaiiie of |01) , (001) or (OttOOOj prior to tht conversion. In other words, the functiori 
includea a dsia string (UOll 1) {01 / 001 / 00000). When 6-bit <lata maiching ti5e data word 
(} } 01 15 ) is di^tscied, the 6m of up to 5 bits following the 6~bjt data is compared with the daa 

15 word (01 ) or (001 ) or (00000) to dstsrmine if they match each ofeer, if the 5t5commg data is 
(1 un noi X (1101 iOO) f or C l lOi i lOOOOO) , the minitnton nm cojisecutive appearance 
limjtmg code detecting unit 33 outputs a detection sigrtaJ it^dims^g that the constraint icngtln i 
3 to the constraint length judging unit 32, 

In tbc consrr&mi iongth j«dgtf{g «n-t 32, data ^tjingsj v>f ihc Cv<rr> cv?ion tabic of 

20 Table : a!Ccro^a1d<,v. lf?.--bit>liu:u,.k-h!nr lo.^^.ata vvord !C.'i^:!il i , iOOr^fU-! . iOO-.i^nn ^ or 
(000i!<!0i > supphoc. so the .v.:-i?tra'nt ,eri^'th -ade-rv- ^J??"^ ?'^< ■'iK' Of^ntoiKun! U-nJb uidj,'jovi i-vM 
:: .,ciCMOi».^s that tiie %,^iu.-- O: th^^ co;>:rii:r ,.-u<5h ; ^, It 4 hi? a^i-i :i\vd.!nc xh:- C.i?J?. v,-ord 
•;00; '0 , (Si'JlO) orU)001) is supphsd -o th? constraiat ier.^th judgsng mrr. :C\ Un. cot-stratr.j 
length judging unit 32 determines that the v-ahse of the constraint k-ngth : is Z, If 2-4>u iht'i 

25 matdnng the dats word (U ) , (H)) or (01 ) >s suppUed xo the constraint kugth judging ttnit 32, 
the consiratttt length judging unn 32 deiernnnes that the value of the constraml kngth i is 1< 
Assume that 6-bit data (OOOOiO) js supplies^. In Ms case the constraint length 
judging ui5h 32 dstennines that the vahte of the cotishaint length i i% 3, Also assume that 2 hits 
(ixfi flViiow the 6-bii data. As a result, S-bit data matchntg tiic data word (OOOOiOOO) is 

30 sapph.ed irse run length iiutit assamjce cods detecting unit 34, causing the run kngth Hrnit 
assurance code detecting unit 34 to output a detection signal indi<.ating that the constraint 
lengtl) i 4 50 the constraint length judging unit 32. In this case, the constraint length jxjdging 
tmit 32 lets the detection stgnal conveying the value 4 from the run length limit assurance code 
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\ , ? n i.' u ^ n ^ \ 

tram <. t (1 j and (0> csu be dstcrmmed d> reiemag to o xh a hi pplicd dau word oj up o\ 

The toj stains kngth judging umt 32 &u**pl e& the \al«e oi tn.o <.or5v.tramt \ 
j cieterrmued nvlins wav to &e mulupkxsr 36 > 

Ii Sx-Oi. d be roted t si the was "aitit length ludg ng u ' "^^ i! o dtttnnn 
the \al«e o^tne oonstum? len^h i in asten^ ng ordei of the ^dh oi $ ^i^rnn:; \%nh x\ . 
s» i< vfet one tl at fe n cdor tC « 1 i 2 ard s - 4 as opposed to L t, one J ov^ 'm i 
Fjg,4. 

Ine i.on%er on ut*it5> 35 i to 4 eacl- ha\e a comer^jon taKe *.OJTeTX)rdjt)g 
todvalueof thccoi«i*ra5'?t jengiha&4.ignedthcjeto lobe more snealic ihtfcommm « s** 
35-1 1& 3'> 4h'i^e ^omejN o« ^^b^e* lOf i - ' « i « ^ and i " Ire&peci \eh If a 
come&xotftr ^l* oit^s,iJv<.t ^ ? t,-&ion«sist&,21-l to ^1 4i>'C'5t sved 

J a ot tl i inu- iht, 2 X > ^it ot du ppljed data are con\ erivu ..t '5 ^ 

r'l'.c. ct c >.( fi hn, iihthi. cataloged oonvcr onmi« the eualtisgtode tto 
supplied to the nrvur.plcxor 36. 

The sriuhiplexcr 36 se{ects a code resultinr "^^'^^^^ ^ a b osw 

of the conversion usHts 35-} corresponding to a constraint lojigtb j supplseJ .^ossss si-a 
ietjftb judging mut 32. Hie selected code k to output by way of a buffer 37 <is j^^^i.^: dats 

As shown 315 Table Si forthe eoMUrstnt Im^h i== 3, the conversion t^jblc does 
ml include a substitution code fcr a data string (110111) whicb requires iimiiador. on the 
consecudve repetidve appearatices of the minimiinj nai d. Assume that the foUowiag data 
string is siipplied; 

(11011 iOillOl HOD 

In ths? the conversion processing is earned am mtbe foHowtag order o£data -«ords; (l l}, 
(01), (H), (01) and sooa. As a result of the convej^ion, the fohowing string of code words 
(a txaki of channel bits) is generated: 

not Oio m mo loi oio toi oic' 
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fyptcaiiy NRZI modulatiorJs applied (h^ i^cnofiicJ >Uir:i of Oivio 
\vc<!'af -at ordej w caj-jy out leve! srscodrng, Siiice mversion of kigic ukt% dh ' ; nmifh: 

in the signal fee sbove smr.g of cods wotxis is converted into tlis followisg string of code 

words: 

5 UlOOli 001 100 iiooir 

\^ hac ntUjiiRtun -.n^crsjon tnten-aip of 2T caniinuc ikoisgUout the stnr.ii. it. corded or 
pkysd back at a fcgh ii«- density, such a code strltig becomes 8 patiem whjcii easily causes sn 
mor m the recording or playback openstion. 

Assimie that the conversion table olT^bk- 2 prescribes ;i bub^iirvUion code 
10 for a data strissg ( UO! ! 1 ) which t^uirss Utiiltatioti os ihe repsdtive coris«;cutive appearances 
Dftteniirjimarnd. Now, M the Ibllowmg data strm^^ 

{mimimnmi) 

In M$ esse, the fet dau word (UOl 1 101) in the data strisg comprises a data word (UOU i } 
foUowed by a data word (OJ ) which wOl be converted into a stdng of s!0<1e words "01 0". Thys. 
IS the fiM daca woM is coiivertsd isto tH« Miowiog string of code wotds: 
"001000 000016". 

Likewise, the second data %vord (U 01 1 1 01) in the data string also comprises the data word 
(i iOUi) toilo^vcd K tro J.s'a v,or i <j-"s \ ' ^,^ Iv crvC!;oJ !u:<^> ihcstnng ofcocle words 
"010", Fhsis, the dot.) -.unc .s c<-n\ ..^ ->r.^ .-s\!rc sUsu^ nf code %vords: 
m "OOi 000 GOO 010". 

.A.S ar<;SuU. itK dau^tnru^ s? ccinc;Kd 5ir.--> t^i.^ \- ^ISiTi, ul\-iv;c v,o;ds 

"001 000 000 OK) 001 ooo 000 010 

whereiii ihe repeiilive ccfnsscuisve appearisnccs of ti;e nixriitram i:m a .xu xTC-vc-jicd. I hat iS, a 
pattern %vhich easily causes an error itt the recording or plas back op<.': <^f iosi at a high ime 

2S density is e&niaated. It should be tioted that, lit the couversiosi of the data siring into the 
string of code words described above, the minimum run d gjid the maximum rm k are kept at 
their respective valises. 

As described above, che convereion carried oM by the modulation apparatus 1 is 
based or^ the conversion table of Tabie 2. It shotsid be noted that the conversion can also be 

30 carried out by lusing the conversion table of Table 3. In this case, the mimnnm^ mn 

conseciui v 0 .ippoarance limiting code detecting urut 33 employed in the modylation tiJtit 12 
sbowi) ;u Fig 3 is pr^>vided with Table C for llie comtnjim i = 4 of Tabie 3, on the other 
hand, the nsn length limit asjsxirancs cods detecting uait 34 is provided with Table A for the 
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i "t J-! o< V* k ^■^ ^ J\ s 5 1 0 h2 ->^mt. s.^ nsin . v nh '"^ *\ !. u 
5 v< iU 0 ^ v^'iSir <. h 1 of labie 2 tor «\ssnpk i^e ccTt^po&a 
t&^h pan & vV >. i> s j-'-sn HJo-v^ 
Data Code 

10 001 
10 01 010 

Th8 jsalr conspositioB cm be chai>g§d as fdldx>es: 

Data CO 

IQ 010 

Fvcn svtlh a ch>ii\^cd pair corni'>.'3-.>.Mi :hc ivma^tvk; %iiM.,'O0 of "1 count «f 3.« 

division of the 'T ooiim of an deir,*;u5 m ite smnc oi\:o<.k word? rcsaj;nig liom coinvrsion 
of the dsta string by 2. 

NsxU as mbodimm impiensmsng a demodakdon appaiatui prov^ds^ii by the 
preserii mvsmioii ss explained by refemng to Ftg. 5. lu ihe present embodiment, a variable 
It kngtfe code (d, k ; m, s ; f) CI, 7 ; 2, 3 ; 4) is densodukted back into a data sitmg using Tabie 

As shown SIS Fig. 5, iht demoduMoa spparatas I OO comprise a demodulation 
unit 1 1 1 ib? demodulating a ssigttal received &otn a tran^iss on or a sigsai piaysd back 
iV.>ri K'cos Jjng m!.siutrs by si^iog a dentc-dulauofi tmtA *s mset-^t conversion tabie and a 
30 r)^\ jo-itol mt retiicv.ng ] \ 2. ibr takitig out vOJ'troi ^sS jn&^ned into a data <;tring 
Ttsu!t!ns„ uvjn 5ho ^^«r:>>Uj!?;tion ai arbitrary im^ \ h mp t ;g ui order to r£-s5ors 
lie o: .V5n..' o<K<^ ptE uu>. \ J^otTer 1 13 is u&sd toy ta p m i -> . - ^ s -ial dma t'-i-etated by 
r;er>S\ o.'iK'O, Nt u>-r!Ovm>, urJ F-tJ^J > 1 'U -^u \<, Kms read cut back later 
at a rrect.>lt;ntuncd ts artsfer rate to prodsice m o« pv<t s 3~n&> *V tiin vu i-onirol urdt 1 1 
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oc! { Mi f f H Is level encoding) , tee sjgn.di tjidertcv,^ m eisv \RZ1 eni,odm» p'tx es»s 
is, *i5j t,dge encoding proce s) 4 ton&tmmt l«ngtij k dgin^ «nj i 22 d^kwx xo^ ih'S 
corsi-aint leagtfe i ot a dsgHal &ig?sa. ttv.<,n''td from ihe *,omparatoi I2i \^hca a irn mun n.r< 
constcutive appeal ance Isn uxig cods dct<xUnf imu 1 2^ dct«cfe» is spmai code to- I'mu^ng 
jjoBseeuttve appejffaiscss oi ihe mmjmum rajs d m ihe digital sigs:^ genmted by the 
compaja-or 12L the mmimtim r n consecum e appeLraiice i^m^ig code dei«cnng uast ^ 2 ^ 
j,appli«$ A detection Signsl dtmsoi {s ~ ^-idsvaUng hs v.oRbtji.3Jnt k^gth t to the cra^traini 
c e Jii^».^np unrt 122 in uc case of Tsbk 2, ytani coae is "im 000 OOU' B-v thi- 
«.«nc k4ei Hhtn ^ mi length bmst as'siimtice co^t detec^^ng lin 1 1 24 detects a specnl cod? 
*-oi s,';vur'nsj tlx inxKiaium nft s the an k hmn as<^ ^r^tics, ti Jt, aeiet-nisg mii Ui 
sup -\"^s ias^'im tlie.C(^* ^ - 4) ux uuni^ the cc}iMr**'Rt iena. i to the coasti^mt 
,cui,ih 5-- ol We 2 tlie &pms' code s$ "OOt) lUD iOO 100" or \uO 

160100 100", 

un cstn L-'U-nS-uo 125 4nat,etJievvcr£CCom.^^«>-^'^t<hi&sf^''dK i.u^tn > 
bfigtli 3 \o 4 it%psa\\d'Sf svhi$.h are essence tV same as the couverMon ubks. btdU^o 
m the coave sjo*s msts 15 1 to 3^-4 described eaihe? A muUtplexer I2t selects one oi die 
OB*|>ta& generated tm inve-i.e convmsou mi& 125 I to 125-4 m d^sendessee osi a lydgmeii? 
tesuit received trom me comtmmi ien^th mdgnsg vmu 121 

>^ext, the operatioti of tne demodulation unit 1 i 1 shown n 6 1% expk^red 
A -tg.^al r«tei\ dd a tt^mmJ«sion Ime or a Mgna* pkvcd b^ck fetii a recorujn^ meci um ij> 
sup rS s i 0 V -t pa ^tos P Uo u d^r^o ^ p< n<^m h si^/nai oatput " i-^f 'or 

u ii oin\tX'\RZ toA^ na «s (Ovi^vvnh hva^siu * ui<<. s ^ 

a ! 3l M \h •> ■> J s 1 a?h I ' - ~ V .^v. ^ uujisr^ .he 
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in a<.\hti in. dt^iUi i.SiJu) outfK t i-\ t co ^-f ini\>r 121 ^i«pp»ccl abo to 
l\ 5!nnr' nr^ ^o'^^u-ul w urpearai^cc UhuLm; ; ed^ rs j . r\n .Z^ l\ .^m urn a ^ 

data, toe m{mmu''r rur coiis^cume sppearartcc hmiUag coae dfitecf i^ss' '-oitp.f- c 
conmwt len^k i 3 to tl)e eoBstmiU imgth judging unit 122< 

10 Fiuthisnjio'^c, the digna! &5gaa] output b\ th^ comp4Uto> i 31 is. sap:Tf't<,V ai*o to 

the nm .m\gth hnu ss^mmcc code dsrt^cting tsmt 124 Tii*, rua lmg%h 'n*nn assurance code 
deieotnig unn x24 i«$ an embedded imene eom'eri.!otj portiun mclading substitvtton codes of 
the sm mii5S tabic of Tabk 2 sbi keeping the msxmjt:ft- mn k In tht- case of Table 2 she 
subsunJtJon codes are me code words "000 100 lOU 10ff"mid"D)0 100 100 I0«^ 'v^bsJttiio 

IS code "000 100 1 00 100 ' or "010 mm 100" cataloged m the mveTse convef&.on tab^ 
for koepmg the- maximum nm k \% detected from the digital <1«ta, me ruTi ieng& limit ass>jrajKt 
cods detecusg ismt 134 outpists the cor>s«ra^rt fend! s to thv- cort'5trss:ri kngt^ iu<ig«u uuU 
122. 

shown -n the isgurc, iho run K-ngtrs imiu assursr-ce code uetccung u;;;? -.J ki>. an smocsiaeu 
ijiverss conversion ponion mckidtng ts^o code v,o;d.s "Oi.-O liX.! KsO IO;V' ;inJ "OH; I'iO 100 
mr of ihe inversion table of Table Z. When si 12-bit s>im\g of code words supplied lo the nm 
leagth linat assurance code dstsctmg ami 124 mtches -eUher of the code words iri the inverse 

25 co^ivefsiois portioa, the rur) k?Jgth Ismst assur^es code detecting mit 124 outputs die 
coi^tmst^t length s - 4 1» the constfamt lerigth itidgirig «tiit 122, 

By tlie saaTie tokesi, the miuiTnutn ntn cousectJtive appeatasiice limiting code 
detecting unit 123 has an embedded itiverse conversion portion mclxidmg the code word "001 
000 000" of the inversion table ofTabk 2, a i2-bst siring of code words supplied to the 

30 iri?ni-n«m run consec-xitive appearajice limiiirig code detecting ^init 123 matches "001 000 000 
not I00"j the mijiirrmm rtui consecutive appearance btninsn^ code, detecting Xiust 123 outputs 
the coKsiraiat {ciigih i 3 to Uic constrain? icr.gtii judging Mrni \ 22. It sh»>uld be noted that the 
detected 52 biis ot th<f ;vuinu of c>-\:^ v-cjcs arc- Acns-dly "00; 000 000 010" ev£-c though it has 
lioihing ic; do v-Aih the deiernnnauon oS'theconsir&im length i m piinicuiar. 
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The constrsirJ length judging ujiii ; 22 has ajj eml>«dded iT)%'erse conversiojs 
isbk QiJM& 2. If a 9-bit siring of code- words svipplied to the coEisirasjit lengsh iudgmg unit 
122 is "000 100 100" or "010 100 100" or if a 12'bit string of code^=>oT<i.> ^uophcd thereto is 
"000 too 000 not 100" or "010 U)i) 000 not 100", She coustraml iej5gO);,iKii;?ng uisit 122 
S dtSenr:!f5es tha; ihc ccr?su\5i!;i k'n5;tii i is 3, If a b-hil $lx\$\g of code woxxb supplied to the 
constta-r:t. length judgu-i; anit ' is- "OiO 100" ox "000 iOO\ or if.'^ string of code words 
suppu^i ihiircKj is "{.HO -HiC sun )OiJ"\ i'n the ojhor bind, the con*:iT.V!nt length judging unit 122 
dctern-ine^ that the; concu r-.; l^!!;.r: : .;. oihenvssc. ;f,^ 3-bit strmg of code words supplisd 
to She oorunraim kngth is-aJv -...r : :? "000","IOr\ "OOr' or "010" theconsirairtt kuglh 

10 judging unit 121 determines, that tht,' coo-viramt length us 1 . 

it should be noted that the constraint length judging mxk 122, the miniiromn nin 
conscciitive appearance littiitittg code dgtectmg tmil 123 and the run. length limit assurance 
code detscsing umt 124 can each also cmy om the ptxseressitsg in an sseettding order of the 
values of i starting witli tl)e sxsaltet one, that is, in the order of i =^ t , j 2, i - 3 and i 4 as 

15 opposed m the one shown in Fig, 7, 

Assume thai the oonstrami ieng^ judging uait 122 catt aJso detmsme tee %'alue 
of the consts^jni length j in the order of i ~ 2/ i ~ 3 and i ™ 4 and a string of eode woixis "000 
1 00 1 00 100" is supplied to the constraint j«ngth jtidging unit 122, Tlie constraint kagth 
judging unit 1 22 compares the string of code words supplied thereto with code words is tl^e 

20 embedded corn-;j&ior> t,'ihie in ar^ ;i,'TA>:'uiing order of the values of the con."5trai<il kn^h i 

siarting with the s;r;&ricst ofx-> fo toro-i judgoisnt jis to whether or not the spring of cods words 
matches the code word^. The stung ofcode worJs "Of.'O 100 100 1 OH" riupplied to the 
cosKtfx-iint length jaoujng tjoi- 12:1 o-iatchv:s one of the c<.\k> vvord,«. iot all ihe conistraiai lengtlis 
■ M , I 2, i 3 and i - • -t In sucr: s cti^c, as x rale of determination, the Ijirgest conxtraint 

25 length is ,seieci{.<d md supphcd to tiie njiUtipisxer 1 2(>. 

The inverse conversion table of the inverse coiVv'ersion nntt 1 2?- ; ;? 
implemented as a memory whsrsin a piece of data (11,) is stored at addresses " 1 0 1 " md "000" 
whereas pieces of daia (10) and (01) ate stored at addresses "001 " and "010" respectively. The 
inverse conversion tables of the inverse conversion ujiits 125-2 and 1254 are each 

30 implemented as a memory for storirig dm in tl^e same way as the iRverses conversion unit 
i25 - 1 . A string of code words of 3 X i bits ^lipplied to tlje inverse com'ersson unit 1 2.$-i is 
convertes:} back Into s data string of 2 X i bits which is then supplied to the niultsplexer 126, 
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The n\«itjpk'xer 126 selects one of the d^ra smngs supplied by iht jm'erse 
cowmion units 125-1 lo 125-4 in accordance wi& a result of detemitnaiioR of ihe value of 
the consiramt kngth i ouinui by ihe constraitU ieftgth judging unit 122, 

Table 4 is the traverse canvet%\on table for Table 2. 

Inverse Coavers3onTsfe(le(li 7 ; 2v3 i4) 

Code word string Diemodulated data strmg 

000 11 

001 10: 

010 01 



i-2010 100 0011 
010(KfO(noi 100) 0010 
15 000100 0001 



i«SO001(K)19O 0OOOO 

?K)0 100 000 \mt xt)0 * OOOOlt i 

010 100 100 000001 

20 010 100 000 (not im) mmu 



I 3 Pfobtfest Mmitniim '^r^sit.on Run k^istli 



} ig 8 3* -i t)ov\ J>,ir* aseo js . r^ne ."iv-v. m explai^adon of operadom earned oui 
3t h\ DSV CO uoi b** re \o\ lEig un^ J ' I he DS V vorttrol bit removing t«iit i 12 is 

pro\ tdev. V { - aj) nen a < ointer «kN «fltox^ m the ftgure, the flowchart begins %vith a step Si 
tftt* n« ' bei H t jj ^ Jati fctns;: -^t bv the detnodulaiion uiiit U 1 is counted 
th.^ Atcnn eomne'' » •'C v^* process tbci o« to a step S2 to fonr? ajudgmeni 
.iv < y< ha>j:t o. not the urn -ser ot >> s h^s Ka<,ned ^ % alue representing 3 predetermiusd data 
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mim'al at ^'hich a DSV consml bit is iaserteti, if fhe outcome of ihs jadgmem jndicaiss ihat 
the nunjber of bits does m\ eonx'spond to an arbitrary data intervaJ, the flow of processing 
proceeds io a step S3 at which tbe data supplied by the ds-modulatio« Uiiii Ui i$ output to ih& 
buffer H 3 as it is. If the outcome of the jadgmenj ixtdicates th&t the nmuber of bits 
5 cotresponds to the predetermined dam interval, indicatiiig tliat the cutKnt bit is a DSV control 
bit, on the other hand, the processing of Ik- step S3 ss- skipped 'fliat is, the cusrent bit of the 
data string is discarded insieaci of bsinu outptu to the buffer 1 ) 3 in this case. 

in eilhs: case, the n;vv\- of processing proc^^ed^ to a step S4 at whicr; proccssirssr 
u;-- input a nexi da^a siring is ccirrsed jjui The Jhnv of processing then contisiues a ^tep S5 lo 
10 forY5 a.iudsrncru as to \Uie;her or not tije p'.icc.^s:;-;;; of sh dass ha<^ been cornpieied. h" data 
which re.5ria!rs to be processfid exisii, the S jovn c: p;\x..^?;st!U' r<-$un<« tf> the step SI to repeat 
the execution oftite procesdin.g tf t!;e otitcomc of the ujdjtment tbrtr^ed at ft^e s-cf> S5 
indic^i^ thai all data b,as been processed, oti tbe other hatid, the pr<,>cessing i? ended. 

As a resuH. DSV cmtml bits are removed imm data output by the DSV co^itroi 
1:5 bit removiag »i«t 112, Th« data is thsri ©atpiit by way of the btiffer 1 

Aeeordjng to the dsjscription given above, the demod«lation mil l 11 tsses the 
cosversioti tsbk of Table 2 m, strictly spsaking^ the inverse coavmioti table Table 4. li 
slwxtU be noted tbst similar praces&rag can bs earned out by asitig the cottversioE of Tabfe 1 
or, strictly speakings the iBverse cosverstoH table of Table S gi v^eai beiow. iix this case, the 

20 mifiimum rttti cotiseotittvs appearance Itn-itirig code detssiting umX 123 employed in the 
modtilation iM)it 1 1 1 sho^s■at m Fig. 0 ts prov ided with Table C f or the constraint length i 4 of 
luble 3 . {) ^ - he <:.{her ha«^ds the mn length rcBti s-ss-ur^vne- code detecting u;i;t 1 34 is provided 
witl) Table A for the constraitlt leagth i ~ 2, 'fab.te B tor use coi-strairit lerigtis 3 at^d Table D 
fos the constraint length i ~ 4 of Tabie 3, 

21 -vT^Osle 5> 

Inversion Coisvsrsion Table l ; 2, j ; 4) 

Cede Wt>M Sttiag Dsmodtilated l>8ta StTing 

30 r^lMaitj table 

101 1^0 

m m 
m 10 

OCMI^ 11 



mimmm 



r " 2 Su&stitutbfeTable A (Litfats d 1} 

100010 mm 
10! 010 mi 

5 000010 IQSO 
001 010 1001 

T 3 Stibstiiiition Table .8 (Limits k to 8) 

ooooi{joio nun 
10 ooloUiOK) mm 

105 010010 011110 
lOOOlOOiO OIUU 

r ^ 4 Substoiots l&bl& C (limits EMIR to 6) 
IS 100 010 010 010 00010001 
100(^0010 010 10010001 
000010010010 10010001 

V ™ 4 S8bstJt»tioj5 Tabk D (Limis k to 7) 
20 000 001 010 010 11 100000 

100001 010 OH) n 100010 

ir>\ -ihM>iO010 HKH>S0l 

101310 010 010 n 100011 

2S By Ihs WAV, there ari- cases in which \l ncct;.&sar> K< nm-n a s>5i;hror;-i\U!on 

SignaJ (Sync) into dsta Ne?i;t> embodimetus impkmentirfg s nKxiulaiso-; appuratos I rmo a 
demodulation apparatus 100 thn are capsbis of coping wife data wills iss^ncd s>TiCbronizaiiori 
Signals are descnbe4 by refsmng to Figs, 9 and 10 respscltvely. Also in th« case of these 
ersbodiments, a data string is modulated mto a vsriabk length code (d, k ; m, « ; r) ^ (1 , 7 ; 2, 

30 3; 4). 

In another modisktiotj apparatus of the present invention sbowi in Fig. 9 
wherein <!>'nchK)rii?-ation sigtsab are inserted at predetetmmed intervals, tine output of a DSV 
coTrios hn dctcrmiraiig / bissning unit 1 1 is supplied to a siTichrotuaatioji signal determining 
\i.ml 1 'x I Aho .iupplscd 10 the s>TicKroni?^tion signal deiennining unit 2 1 1 is the output of a 
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miHiQ\^:^ov unit 12 Wljtn tiK' '*^^cmt'5i./^3t50^ Sx^n^l ;.'eicrowun§ t w dik mures 
<Qx HvHrori 'Lhan Msa^xs' ijoiu xhi isg^al'* supphcU %\c corirol bu detemtirmg 

21 1 xn Accordanvt, < I i*-*.v> 2 sn o \K i'^' o« v o ic 

whcjc the s>mbo1 » des^otss a bu that sj* depti5d«,m jesx utmiedsateK precedtng data stnng, 
tncl>i«ii«g a DSV coi5taxl bU iimy, dehmitcd b> the ^nsmior of th«« svnchromxauon signsi 

15 To be srore speciSc. when a termmatioji tabic is used for tenjiinaaon m an operation lo 
niodaiaie the delimited data sti mg bv tisisg the srommxmi tabic, *W" =^ " 1 " When Tabk ;2 li 
«s«!d for tenamaton mstead of the lenmnation table, on the other haisd, "^" '0", Thus, ibe 
maMation umt U outptits r or « "0" to ths $>nchro!i5?auon Signal det^^mjjjsmg 
UiOit ^ U %Hefi Ihe terminatjoft table ss u&ed or not rcsp^ctjvdy Receiving the \ake of 

20 ^' Tcm the raxidaix-n amt 12. the ;>sRvmon>. > . > > > <. ^^ofc^-nmmg tmr, 211 appenJ"^ vbe 
\ arjc ot^ P" a* v^e head of l ^>r}c'Tvr . « n > na i J < v.n < Jpi'^s th? ^snci- Toni/atior 
SSgaal to the sv^chroni/atKir. s n n m-.-r 2 I 

"stjpp'ted b\' thi, .-TOchrom.'auon sjgnai deitfsrr;>JUi: us 1 2 H 5,i>^ ; i j^i.^* j^j il ^pi'v.. 
2S bv th* tnodataUv^r urit , > and &4-^pht» the outpai thei<ior:u t^>. \ ^< J cncsxhn<-< jn>* \ " h« 

"est of t*^e p-'Ov".. -re s..mv, th<. modvilmtm apparatus I shi^xvn > >. 1 

1 he fir'^t da:s toUo^mg the mserted syuchronizciisori signal n con\cne<i s.anmg 

%it!^ thiL- bead thereof without <Jonssdenng data inrniediately prtrcediag the synchronwatson 

S'jsaal Th<? modulatson imit IZ and the svtschronrzattojs ssgtul dotu^^mmg imr 21 1 are each 
30 pruv.dt'd }th i3 counter for coimtitig the number of prcdvtemimtfd jmen als at wHch 

%vtKh^rv:mon &\pu\s arc n^serted The cmtcitns of the counter are used foi detcrmmmg the 

position (it a svrichromzation signal 

Vs dosuiboc* rxh-^\c> unlff^dmx'r^ Khovt.^ ^ii Ing 9 u&es the conversjon tab!e 

M : a' V j.t ihvfU^d tJ<. nived that ttic coin ct i.H'tn ti^.e ofT&hk ^ caii aiso be used In thij- 
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c;^t\ tlje sj'sjdiJXsnixaUon sign^s! detemiining {«sit 2U adopis a 12-bii cotk worvJ gtvni bskw 
as a pattmj o f the syrsdmjnimioj) signal : 
"xsO lOO OOO OOO lOx" 

5 siicca-dnij: dat'x stnny^. snoluJjnc a ;\-\ n:r>. b't s aiy. dyinmxfd by the ai^crt!.m of ihe 
syndiroRi.ratiOTt ss^nal The ^ bit- x \tK '^iU ^i^J yx 3 bas Uv tsd r-f she 5\ r>chron3/>suor 

josesTi- >R -f Use ri\ noiaor i/'at;on ^.i;jn;u .md \q) he rirs? dna s-r^ng smnu'diKieiy folio^Mng Ihs 
s%'iich!-'->i)?/.Uicn iipjsul A Jata suing Q>1) is converted mto the 3 biis at the head o: the 

10 ssmhronizaiion stgTial whib a d<il2 siriug iOq) is converted into the ? bit? at the lais of ihc 
synchroni/atioTJ signal by usiag Table 3, The 3 bits ar rhs head mi the 3 bi5<; at the tail of the 
syncfefOJii^^siidti signal resulisag from the conversion sandwich the middle btta "100 000 GOfi" 
to produce ilie pattern. By doisg so^ a spidiisinixatiou sipal which br saiis the reqisired 
maxixjium nii> k hm si>s?ays ke^s it at Is S (9T) can be gmsmed. 

I I Fig. 10 Is a bbck diagfam .sbo%vMg a typical configmation of an embodimeiit 

impismmis^g awte detsiodulatioH app^lm 100 for aemodulatisig code rcstJiting from 
modubdofi earned ml by the modulatiojt apparatus 1 uhomx in Fig. 9. As shewn in Fig. 10. in 
ti\g present enibodiirtent. as mcommg sipa! transmitted through a predetcmiitied trsnsnnssios 
pati: is supplied to a demodulation unit 1 U a i5y-ndireTiii:a»o.n sigTUsI IdeiUifyingunit 221, 

H) The synchrxnu^.^tion signal id-,>r,tM\:iii; unsi i u^^es ■.b.t inccnnioj; si.sjUil a signal received 
fmm the dariOdukuisn \mt 1 i I to sdcniity n ;syv5chr<>ni.-:ativ>T; sigrial. outnu-tiftu the 
.syricrirorii/ation signal 5o « svr>chn?ni?,-5ijon si^rrud ren-ov-nx; ansS 222. The ijyn-cKroni^iition 
signal removing urat 222 sentovcs s syocliratdsaiion signkO frojn u vic?-;oduIa!ed s-;igt:Si 
.supplied by ihe denioduiaiion umt i 11 its accordance wiih iJie sig-t-i-.; au'-put by the 

25 syTscbronisaiion signal identifying unit 221 . 1'he demodulated signal w iib its s;,'ncaronization 
signals lemoved is tijen supplied to a DSV cotJttoI bit removing u«ii 1 12, The rest of the 
configuration is the saine as deinodulation apparatus IQO j^own in Fig, 5. 

The sytidmjnizatioa sigttal idsmtifying unit 221 has an, sntbedded counter for 
counting the rtuniher of code vvoMs. The eoments of the couni^^ are used for detetmsmng the 

00 position of each of s>'nchrom2ation signals which are inserted into the string of data words at 
predetcmsined intervals. A.fter fee p^^sition of a synchromaation sigtial pattern has been 
identifjed, the bit detern^ined i5t modulation is read out. That i.s, the bit at the head of the 
syncl'iror=i.?x-.tior\ signal is read out and output to the demodiilation unit 1 U , If the head bit is 
" the demodulation unit 1 1 1 uses the terxriiaatian table of Table 2 in the acjuoduiatjon a 
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O ld; iinrisdsaiely ptscediiig ttic synchrofiizatiosi sigrsal if the bead bit is "0"\ on the oiher 
h;t:^d, tbo dcni;«luiation umx \ i i uses* a table of C03jvcrsx>0 code?; ii^ 1\ibi<: 2 is the 

una 212 I hi. .\sncr.ro!ii2:auoi5 sjgsai rcnioving ami 222 jenw- ^ a jsjTxhTouu'atson ^;:gru5j 
from a ufemoduiaied sigiiai supphedby ih.« deriiOilulation Mini 1 1 \ in accouUsi-c? wnh the 
idmMcmonnpi&io^x^mbyih0s^ The 

10 deinoduisted sigaaJ with its synchronization signals imoved is then supplied to a V 'c;m\to\ 
hiimmmingmit il2. 

As described above, the- demodulation apparattjs 1 00 siiown in Fig. 10 uses dte 
eoflvmlon table onsbk 2, It &bo«M bs noted titat Table 3 can also be used as well In this 
cascj for example, tije s>'scfemmm<m signal idsati^^^ 

15 counter for determining the position of each of sj'Behmmzatiot^ signals witicb are inserted i«to 
the string of daia v^-ords at predetetmined mten'sls. After ite position of a ^ynch^o^i^i^ion 
signal pauem has bees Idst^tifted, the s>'nehmni?.a{ion ?ur.a' uien-d^vtrg x^nn 2Z \ ouiputs 
<5ignals specifyu-ig ;ne 3 hu :oce vs-r.^s ir.c hr ut ,'>r >r< k - ^ ; rj.vr. !s5^ttal 

pa^smtothetier;>odi.!ahou uiU :K t.^;,q..cs' liv i', xK.iaaco unit ; ljH'^.^ cods 

20 words 8r« also cemocuititcJ muc\ frc> ^ .k h ;::c;udc Jau) flani,- 

T'he .S'^iicbronji'.auon &tg?ial identifying unis 2: i -mxiihh a ss^^nal .-!rfCv:fvin>!. ht^ 
of tlie Hntqiic pattern of the s^^iickonixatiotj signal exdudi-(\., sh.-^ cc-iit- \\ 'irds whu-h mc\u<k 
dsts snings to {he syiiclironiiiauoii signal removing unit 122 Thus, ti^-e .s%ncj:r>3a!/ation signal 
removing unit 222 is cspabl« of removing only the synctonizatjon stgnal hiis, that is, the bits 

25 of the unique pattern, specifsed by the sigstal received fmm the syschronixation signal 
ideiitifyisg «nii 22L 

Kig. 1 l is a diagram showjjsg &n example of code for recording with 
synohrottixat-OTt sigyt8,ls md DSV control bits itiserted into it In this exaiiipk, a 24-btt code 
word is used as a syiichronizatson signal DSV control is executed at intervals of 56 data hk& 

M sjid a syi5CJUX)t?i2^jr»n signal ss in)icrte»i for each ."^ executions of DSV control. Thus, the 
Bumber of code words, that is, the number of chamel bits per each synchroni^atioB signal js; 

24 4(1 56 4-1^ SS-^- I ^56+1^56-5-1 -56 + i>X1.5-4S3 code words 

(channel hitsK 
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\ s h iu laajKv uoutK^f into * i. vi'i i x% i i^ sbo ii M* « s > n oi % kon 

\tiou 1 N N ~ r ^^ i. ^'^^ 

^ s Ih I f ^ 0 „S 

1 5 e k N r Mil n I t 

in n< X n^w^ t->{^>rs sirh<„on^vU? t, pp s i s hook 

me coi X v,a o * ' Rl I ( ") moou1atio« ws& aliiO rm co \v> i is<. ! > u m s s 

In the tjt)wat ojt^ v.o *trol -^^as vxes-uk^l b 3 \serm| s t omsx'' bn 
for %,JiCi data bjf^ oi random a^ta con| n n j 07 ::00 hit asie "jrh^^a uv she dat ' 

ih&\ mi \ fctteU 1 0 < vfemg coae v^ord*- (or <i ♦'■a 5 of ^.h^niid bs» ) b% i smg the 
comsr«joico4e ao s. iJtl<blc?o ]n another s irt^'-utioi mdo-i daU(.o pmng 
M t r „0( >^ mat^e dib iianlv as to it-envd pto stnng of code ■« o d*. (or *s tram 
'-^an'^el f> v. tJSiJiE? t^e vO'^ves^jo c«de tabk i>f Ta^k I and 2 channel hu% nefv* thea 
.as^.ted ss» DSV control bit& far eah 1 1^ code ^opd^s oi 1 ii chamje* bit ortlje re ultms 
^ttm-* >-(xV vvord oraer to «ecu e DSV octroi 

h ^ ^O" \ h m 5 1'^ ^1 1 "^'^^ n n i 

Hi ! ti. 5 i ! ! ) vt 0 \ u iX u)*^^ 

u 5* I w \ I J oi tk jm <i'30£ It the ^ > ; f ^ "^S^ o 

^ cis-i'^d' e^;.-^{ ^-ixwtlvjv » aur-rhej c^se^dthcj hd u<u d \ 
wiuoHDf « boh«V^a^e&, .abieior thasaUoAfctiC'^5f\ i^c-Xim k >e..\ i id a. 
high dcpee or efficsena j^ro-i idess, a ^ood lo'^ «>and s-haracten-stic in companvon ith IMt- 1 

\iimerca1 •vsluc^s o^'the ^s-^ulaito i Tvsalt arc compi led as foUoA«- 
Rv,n u ( f 10 ' 01 o«.curreitce counts of 1 rgL i s « imvxsx run to 1 0 comau n e nstmmum 

^ j:?, f^! to i > Ocvi-^eiici? eon o> «he 2T rm o the lOT run 
^mrK The niimser of mts 

lotJ h ^umr»c oIju iftn s th« i thv, v^u bv-ofoausrencs counts ofihe 2 f run 

ibe 31 run. &c. 

Average Ruti; $«um ; loud) 

N««.ncd%«»ie o -undis^nno (T m?- *« ^ *^ij?r^x^heT? 2 4 U 



DsV eoijtrol m a iram oi channel osis. 

Tl^ >.« uihu^n o'';1ie ;viamereouncianc> caused f>v msertjoj^ oi . * i^' 
K.Aci 5f> c&u H{i> 5& based on the fact tliat 1 DSV bit cxs^Js for cvm' 56 data bJts 1 hu?, ttt 
relative 5 edwidsacy ss compuieid as follows; 

Rekftsfersdundascv ==1/(1 S6) ~ i.?5 % 

The ealculauoii of th<f relauve redujidasicy caused by mscrUon of 2 DSV bsts for 
eaclj i 12 cods bsts is b^ed on the fact that 2 BSV fests ssfist for ever>' 1 12 eode vvord b\tS; 
Th»s» the rektivs redundan.cy computed as follows: 

Rdativs redimdstacj? - 2 / (2^ 112) - 1,7S % 
Thas, the same redundsncy is obtamed for bath the cases, 
<Tabie6> 



PFI7 Con)p80sos 



<Tal>le 3> <Tabk 1 



A¥«rag«f 
Sam 



%3m 
20011947 



{pVeortttol) 

I.4P4S $m& 

200U947 20011781 
5877654 6061150 



Wiikom-DCC) 
19660782 



2T 
4T 



0.2256 
0.2217 



0.2246 0.2417 
0.2069 Q.2234 
0.1935 D>1902 



0.1419 
0.22S1 
0.1915 
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ST 


0,149.9 


0.1495 


0,1502 


0,1511 


6T 


0:1109 


0,1904 


0,H3S 


0 1 141 


71 


0,0579 


0,08 14 


0;0561 




ST 


0.0392 


0.0351 


0,0258 




91 


















lOT 


















,R.MTR(i) 


0,3837 


0.3890 




0,3o4i 


RMTR(2) 


0.3107 


0.3 1 37 


0.2884 


0.28S,-5 


RMTR (3) 


0,1738 




0.1717 


0.1716 


R.MTR{4) 


0.0938 


Qmm 


0.0909 


0,0907 


RMTR(5) 


0.0299 




0.0456 


0,04S2 


RMTR(6) 


OJOSl 


0.0033 


0.0219 


0.0217 


RMTRf?) 






o.oioo 


0,9099 


RNO-R (8) 






0,0047 


0,0046 








0.0022 


0,0022 


MWMm 6 


6 


is 


IS 



psak DSV # -36 to 36 # -35 to 40 * -46 to 43 * - 1 ?S3 to 3433 
("i^i"; 56 data bits -^ 1 debit, 1,75%) (»*": U2cbUs-; 2 debits, 1.7.5%) 



'^H results gt\en a-sove smfy that dv usjir^g Tablev 2 and 3 the Ri f 
^\^te^n t'npleB-'cnted \vfo% at the saro<. t me, tlie mmjiimm aiid nrntrnt^n) ruov are kept tmd 
thv.t)>.mbti cjt$.on'vcciMespns.sf3«c€j!.ottlietviinra«T)'nKi5&lmutfdto{) Inaddmrn the 
re&u ts of the DS\ s \ h h ^ D5\ tontJOl car be <,xtvui«d m a am stnng {t^gt js, the % Jues 
oi the pvak DSX i>. n t Kd u p vdv.ttmiineo r?Tigei ar>d in this* ) ai« hm t ths ci^saenc^ 

Tii } 5 it) s lit D-.' uhI ^" htba '^Hf.t t i ^, ^ ^M- ^ 
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aM ^ me tiuTerc sec* of-. - 5' J i 4u ' v m f tK %i. h c < re s> uiL 

ite tbes value tor Tgbii' i 

It5s(.l o ! 0*- p" ^^s^-'the 

5 I 1 niki 1-^1 s> 'til rPP 

expected. 

H< J h^. { J { n ^ ' U"-' <> \' h vNculs i .ononof 

com?fiUonalRU (} \«ti.m results a s.m<Jl38rd{rfcfenvfinemt,v.r the ej^muaiJ 
py ^ peak valuer V-* d tt ult <.jnce i c iovv * i,onpt J <,ni tan m ppic^s^<? s^aok 
data t&^Qtdimi okvbaekoperstioiss eas) be camssd o«t. 

Funaem^ore. a simalatiOJ?: was siso njn to exaiftsns the propagatioH of a 
1$ dv-modxilaw citoj cau I \ a bit shift m a i-am f I cb^xi bu generated from the b^me 
-^nv.cn><U? i>st*sevV<5ed?^cniaJgbo\e Vre&^ilufi eexaim nation mdicato feat ^he'AOj'st 
c"^' py, paL^nor m t$ 1 "PP <»VNtcrr i b^tss Hov> e\ er the r e'^isit ai o \ «r fie^ t Uk' 
♦■xqiiea>.v o^im acru* gc ersfoa of th*. erro*- i% id hu. 0 a mdi<, {r< - ■> v^ t uc> 

20 ! i.. i ( 4 1 s i U \ i r ' K 1 ^ . s 1 ^ ^?C5 

R l> j-vNsiu^ u %au do(.^nauK LDs% u t - s , is he 
xm, «v.rcmv.3i% v.aij ^tfc^'fc atih !i^^a lo hav« been tarrsed out 1e ts <*nK *.<- nditso 
2S rbo dutefvnct m T<,a&arsm« t coodajos Tna^ afiect ihe nuui«f 4.a % ah sn arid u Hu 
ivX<>*;s. n, to take the eftm ofxhs diftercnce oii i\c \ a1at*& mto consid.*n tion m ihs 

<Table?> 

Shift EfPorJRespoaises 

30 <rabk2> <rabk3> <T8bk> l> 

17PP-32 i7PP-52 +2bit-DC 

Worn ease kbytes kbytes 2 bytes 
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■ dv b;u<>) Included inckded Exciaded 

Byte erro-aij) 0.02H 0.0.% 0 080 

Byit-erierCn 0.7?? 0.0635 0.S26 

Byi«m«r(2) 0.1% 0.268 0.094 

B>ieem>f(3) 0.000 0,001 



.Average 

B%le aw rate i . 1 6"^ hxx^% ] . 5 74 bsles 1 ,0 \4 byiea 

10 As described &bovs, \n the present embodmjenu tl^s conversion isbles -v^hh a 

mMmum mi d of 1 , a. msxmiimi run k of 7 and a convmioa fate m i n of iuclisde 
substimtjoa codes far Hniitmg tb« n«itiber of mmim?im na^ kn^h consecutive appesrsnces, 
giving rise to &s following effects; 

(1) The recording Md playback performmieeat a bigb Ime density'' and ^k; 
i 5 totence agsitjst a tsj^gmdai tUt are improved. 

(2) U i:> possibie to i^U-celiie number of low ssvei portions, to iJ3creas<s the 
8cc«rs5c>' of A-a-x e pri;c<;3sing such as th? .A.GC md the PLL atid> hence, to enhance the overall 
characteristtc- 

(3) l« ccsnpi^ri^on v\ nh the cor>ve«tJor.aJ systesi, it is po.ssible to hav<; a design with 
20 a st«3i1 path iKemor>' length of hii abi cods or the hke mid, hence, to reduce Ibe siae of the 

circuit. 

1;! ao<iiiioo- the rorna-.x-J?; i. f u:u?ior the " cooTif of sjlo hi ;j da^^ 

siring by 2 ha%'.uig a value oi^ 0 or i shssU always be equjd to the rsj^^ainder of di\ ision of the 
11 r coimt of an eienrsnt in tJje strhjg of code words restilting frott? conversion of the data 
25 string by 2, providing the following addiiional efiects: 

(4) The number of redandajjt biu^ tor tite DSV cotitol c;^^i be reduced 

(5) At a iiiimosum run d of 1 and cosvsrsion pamiseters (m , n) of (2, 3), DSV 
coatroi cas b« executed with a 1 .5-bii cods word, 

(6> in addition to a iow relative redundancy, the nunimuiti and muximutn runs d 

30 and k can bs kept. 

Furihetrocrc, the conversiors tables specially include substitutior. codes for 
i:eep-ng ihe nui length isiniu giving rsse to the following additional effects; 
(? I Hie tables are compact. 
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($) The pfopsgatson of 8 moduktjon error caused h\ 4 Hu shd\ csn be pin m the 

same ststa as the convcBtmat system based otv Table 1 . 

5 ?n . . soSki i5..fc SI, niM ^ ^.-sw un oa.sor nuo.,^ ^v,c''^ as a network ^Jnd ^ &dtd1itc cai^ be ustid 

lEFFECTSOF lHhi\Vt\liu\ 

As descnbed abo\ j;.cv'j Jmg ty moduiatiuu apjxiraius cli m«i .js ' 

10 dmiodolation apparatus claimed ss> claim 25, a demoeiuknoa rnothod cbim&i cUiHi 2?. a£io 
<d progmn presenting mediiim claimed as claim 29, conversion pa>cessmg is earned oui on 
bs&k of s «5ot)%'ersioti mbk euibroing a coavmioii rule, according to which ike remaiader of 
division of s T cmm of an demeni m a data strmg bj, 2 having a value of 0 or I shall ahvay^ 
be equal to the t^m«der of dsvisjon of a T eouist of sn eiemeai in tfee stdag of sode \vwds 

15 resuiUTig from coj versio i of the data string by 2 and commion codes of the couvsrsisit tabie 
comprisisg: 

basic codes for d*** U k 7, rs 2 md n- 3; 

Tns' ? J<3t.:uiton codes for Hmiliag the nmnber of cossecut've appearances of 
the Tiiinimurj^ run d; and 
20 !rev,\-J biu^tjiutio:: codes tor kcep^'-.i: ,he r^ii \- \n- ^ K 

\s a j,^xtd5 I5S\ com;oi v ii5 t>o c\c>M«t'd by u-m^i « snr*.! \unKK'> ^i s d,-< i<u^ ,5n . 
<;mngof code %%ord^ c,s\b^; rc<o:ded and pL,>e>'t h x, k -^vih ;c\n o^^i^s: 3 h ,h unt.- ^Lr^^^^ 
In addition, liie gro\-\tij oftl^tr pjop^atiuu of a democsulaiion mor caijscd o> bst sh;ft c-in be 
suppressed. 

B IBRiBF DESCRIPTION OF THEDBAWmdSJ 

Embodiments of the present mvemion toe beeu described by referring to the 
fbilosving diagranis wb^is: 

Fig, 1 5S a Mock diagran^ showing a ^ical coniigiwation of aa enibodjment 
itnpkmmwg a modalasios^ appsrate provided b> tlie present inventjon; 
30 Fig 2 IS an explanatory- diagram used for descnbing processing earned out by a 

\ c> n,'< ' deten^tming iriserttng nnn 1 1 employed m the rsioduUiior. appsrat«y> shown 
mFsg. U 

, ^ ^, :r wwo > vojrl^ivrationofamodulauonunt 
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Fig, 4 is a diagmi exemplifying pmces<;i«g cajxitxl om by the modulaijoji ml\ 
12 shown in Fig. 3; 

Fig, 5 is a block disgxans showing » typkal cosftguratjon of sn embodlmem 
iniplenjeatn'ig a denijxfeistion apparavus provided by the present isn-catioa; 
5 rij;. 0 Ls 3 block diagia?) showmg s typica.] cc^iiu^arsisoti of & dsmaduMion 

xnvx'- I \ i eri>pi>jycd m the demodulation apparatus shovvn in Fig, 5^ 

r jg. " !s. .^n expktnatoo' d-itgia!:^ used for describmg processirig carried oui by 
the dsmoduktios ami 1 1 1 shown in Fig. 6; 

fig. S a Oowcliart used as. a anVrcnoe in cxplanadon of oper-UKn;,^ c&iti;<i o-d\ 
10 by a DSV conu-ol bit retrtoving xmit 1 12 employed iu the dfisnodulaiion appararjs shovN n n\ 

Fig, 9 is a block diagram showmg another t>pieal eonfigaratbii of ajj erj^bodisigni 
implemsEitiag a modulstion apparatus provided by ihe prsseni inveation; 

Fig, 30 is a block diagram showmg anoihsr typical configaratiOR of m 
15 embodimmt imp! srnMting a demodalaJlon ap|>aratus provided by the jsreseai iavemion; and 

Fig. 1 1 is adkgtainshomMgai} exaiBplsofcode ibrrec^^^ 
syndimmzate signals and DSV c<5slml bns iftsmed into it. 
LIST OF PRINCIPAL REFERENCE NUMERALS 



11 DSV cordjol hit determimng/insening wait 

20 12 Moduiaiion usut 

13, NRZI mcodmg unit 

31 Shjftregi.sier 

32 CoBSttarat length judgixig anu 

3 3 Minimuns nin cotjsecuti ve app^-arauc? liiniting code detecting -unit 

2S 34 Run ie-ugth liadt assui-ance code, detectitig mm 

35-1 to 35-4 Convamon units 

36 MtiMplsscer 

37 Bnffst 

ill DmimMs&0n\xm 

M lU DSV coBtrol bit removing mit 

121 Comparator 

122 €oti.<itF8iut length judging unit 

123 M.immi{?t5 nm co«seGiitive appe^srarsce limilis^g code detecting unit 

124 Rob length limit as-wance code detecting m\k 



1254 to m~4 

m 



CLAIMS: 



m 



1 A noJ »xai5o« a'tpamty.'^ tor im\ ertiiig ^ nh a ba&ie data Ungib m Si^ 

into ^-anab <. xngth coJt; (d k m n r\ w t!i a ba&iv vod* JCxigth oi « btf' %^ c{? 0 
mm -nun nin d k is. a rvui 'cng h hmu, sm& modulatiOJi rfp^>?nt«« c i^invtv n^u b'^ *).n 
< vsm er'iior mv,aw ^or i.0'^\ mmj, in|>ut da a \ code w ac cordsjice sth a cor\ cimo abie 
$ w ni;;^e' i ^s. d torn st^ion ubJt< cmorc^js a 4,0" vejMO' m s Ox dmg to y^ hch t hv* n,n:>amat\ o { 
diMsson ot a i cOsim ol m t.it<jr*.til m a d^u j>trn% b-v I: h^\mg a \ai«v of 0 1 Na<sI1 ^1%,*%^ 
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